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ABSTRACT 
PATRICIA MARY CORRY: Vegetation dynamics following grazing cessation on the 
Channel Islands, California 
(Under the direction of Robert K. Peet) 
 
    European introduction of grazing livestock converted large areas of perennial-dominated 
native plant communities to exotic, mostly annual-dominated communities in much of the 
arid and semiarid western U.S.  Grazing-induced type conversions of vegetation are 
particularly widespread in the Mediterranean-climate ecosystems of California, where exotic 
annual grasslands have largely replaced native shrublands and grasslands.  Land managers 
are increasingly retiring arid and semiarid lands from grazing in an effort to reverse these 
changes and promote native vegetation recovery, but such recovery is often slow or 
nonexistent.  Exotic grasslands can exhibit remarkable compositional stability even where 
native propagules are available.  Where spontaneous recovery of native plant communities 
does occur, it tends to be spatially and temporally variable and seemingly unpredictable.  
Why some exotic-dominated communities are rapidly recolonized by native species upon 
release from grazing while others persist indefinitely is poorly understood.   
    Long-term vegetation monitoring at the California Channel Islands provides an 
opportunity to determine factors associated with spontaneous recovery of native vegetation 
following the removal of nonnative herbivores.  This study used time-series vegetation data 
and environmental data to identify patterns in post-grazing native vegetation recovery among 
taxa and environments, assess the utility of certain ecological theories in predicting recovery, 
and develop hypotheses about factors controlling native vegetation recovery. 
 iii
    Site environmental characteristics explained post-grazing succession on the Channel 
Islands better than did ecological theories invoking biodiversity as a predictor or correlate.  
Exotic species richness and abundance consistently correlate with fine-grained substrates, 
and more generally with higher site heat load.  Results suggest that competition for soil 
moisture is an important control on native vegetation recolonization.   
    Response to grazing cessation also differed among taxa.  Theoretically invasive traits did 
not predict differences in response among native woody species, but drought dormancy did, 
suggesting the importance of drought-coping strategies among taxa.  Differential response 
among exotic species indicates possible post-grazing environmental changes and can inform 
prioritization of eradication efforts.  Application of this type of trend analysis to the 
development of restoration goals and strategies is discussed.   
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INTRODUCTION 
 
 
    European introduction of grazing livestock has converted large areas of perennial-
dominated native plant communities to exotic, mostly annual-dominated grasslands over 
much of the arid and semiarid western U.S. (D’Antonio and Vitousek 1992, Fleischner 1994, 
Allen 1995).  These vegetative changes are associated with decreased floral and faunal 
diversity (Smith and Urness 1984, Rosentreter 1994, Fleischner 1994, Allen 1995) and 
various ecosystem-level changes that tend to promote the persistence of the exotic invaders at 
the expense of native species: changes in fire regime (Stewart and Hull 1949, Zedler et al. 
1983, D’Antonio and Vitousek 1992), soil permeability and soil moisture (Smith 1967, 
Eissenstat and Caldwell 1988, Orodho et al. 1990, Belsky and Blumenthal 1997), and 
nutrient cycling and resource availability (Caldwell et al. 1985, Elliott and White 1989, 
Christian and Wilson 1999).  Land managers are increasingly retiring arid and semiarid lands 
from grazing in an effort to reverse these changes and promote native vegetation recovery, 
but such recovery is often slow or nonexistent following release from grazing.   
    A large body of literature documents the persistence of exotic grasslands of the western 
U.S. many decades after cessation of grazing (e.g. White 1966, Westoby et al. 1989; Allen 
1995) and other anthropogenic disturbances such as cultivation and earthmoving (Stylinski 
and Allen 1999, Allen et al. 2000).  Lack of succession is considered a common 
characteristic of these exotic communities and is generally attributed to the self-maintaining 
 2
ecosystem changes wrought by the grasses and associated forbs (D’Antonio and Vitousek 
1992, Fleischner 1994).   
    Grazing-induced type conversions of vegetation are particularly widespread in the 
Mediterranean-climate ecosystems of California, where exotic annual grasslands have largely 
replaced native shrublands and grasslands (Heady 1977).  Keeley (1989) and others have 
noted the remarkable stability of California exotic grasslands even where native propagules 
are apparently available.  Yet varying degrees of spontaneous recovery of native 
Mediterranean-climate plant communities have been documented following cessation of 
grazing (McBride 1974, Hobbs 1983, Hobbs and Mooney 1986, Allen et al. 2000, DeSimone 
and Zedler 2001).   
    Why some exotic-dominated communities protected from grazing are rapidly recolonized 
by native species while others persist indefinitely is poorly understood.  Evidence exists for 
both biotic and abiotic controls on post-grazing succession.  Certain native woody species, 
such as Baccharis pilularis and Coreopsis gigantea, appear to colonize exotic grasslands and 
other anthropogenically disturbed habitats more readily than other native species (Hobbs and 
Mooney 1986, Halvorson 1994, Stylinski and Allen 1999).  Site environmental 
characteristics, particularly soil texture and nutrient status, may also control competition 
between native and exotic taxa (Hobbs 1983, Cione et al. 2002, Hoopes and Hall 2002). 
    On the California Channel Islands, 19th-century introduction of livestock and other 
nonnative herbivores dramatically altered the native Mediterranean-climate vegetation. 
Detailed descriptions of pre-European vegetation have not been found, but pollen studies 
(Cole and Liu 1994, West and Erlandson 1994) and historical accounts indicate that woody 
scrub communities were the dominant vegetative cover. Severe overgrazing during late 19th- 
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and early 20th-century droughts caused massive erosion, soil stripping, and conversion of 
native scrub communities to exotic annual grasslands. These grasslands now comprise as 
much as two-thirds of the vegetative cover on some islands, and additional areas are 
dominated by exotic forbs and subshrubs such as iceplant (Mesembryanthemum and 
Carpobrotus) (Clark et al. 1990, Johnson and Rodriguez 2001). 
    Island managers have been removing nonnative herbivores in recent years to protect and 
restore native ecosystems.  Small-scale active restoration projects have been implemented in 
certain critical areas, but most of the land has been left to spontaneous recovery (passive 
restoration).  Differential recovery like that found in some mainland studies is evident: some 
native species appear to recolonize more readily than others, and some areas have been 
recolonized by native vegetation while others remain dominated by exotics (Halvorson 1994, 
Johnson and Rodriguez 2001).  
    The Channel Islands present an opportunity to determine factors associated with 
spontaneous recovery of native vegetation, or lack thereof, following cessation of severe 
anthropogenic disturbance.  Two of the islands, San Miguel and Santa Barbara, have been 
free of nonnative herbivores for over 20 years– long enough for measurable native vegetation 
recovery to occur.  Quantitative vegetation monitoring data that span most of the recovery 
period are available for both islands, and are supplemented by qualitative sources such as 
historic aerial and ground photographs, repeat photography at monumented locations, and 
historic written accounts of vegetation and land use. 
    In the current study, I characterize patterns of natural recovery of native vegetation and 
develop hypotheses about factors controlling native vegetation recovery on badly damaged 
and exotic-dominated landscapes (Chapter 1); assess the applicability of 
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invasiveness/invasibility theories to native plant recolonization following cessation of 
grazing (Chapter 2); and explore the relationship between a species’ response to interannual 
precipitation fluctuations and its long-term response to grazing cessation, and assess whether 
community richness is positively associated with community stability (Chapter 3).   In 
Chapter 4 I synthesize the previous chapters’ results and discuss how characterization of 
recovery trajectories can inform development of restoration goals and strategies. 
 
 
CHAPTER 1:   PATTERNS OF POST-GRAZING VEGETATION CHANGES 
AMONG SPECIES AND ENVIRONMENTS 
 
 
INTRODUCTION 
 
    Field observation and repeat photography indicate that post-grazing recovery of native 
vegetation on the Channel Islands is highly variable, similar to the findings of mainland 
studies (Hobbs 1983, Hobbs and Mooney 1986, Allen et al. 2002).  Post-grazing successional 
trends on the islands appear to vary among taxa and among physical environments.   
     Some native woody species such as Coreopsis gigantea and Baccharis pilularis have 
expanded substantially while other native shrubs’ ranges appear static or declining 
(Halvorson 1994, Johnson and Rodriguez 2001).  Nitrogen-fixers (Astragalus, Lupinus, 
Lotus) might also be expected to show significant increases on San Miguel Island, where 
much of the topsoil was removed by grazing-induced erosion and sandy substrates are 
common.  DeSimone and Zedler (2001) found woody species that invaded California 
grasslands following cessation of grazing share a suite of growth and reproductive traits with 
woody colonizers of other ecosystems.  If island species are found to differ significantly in 
cover trends since cessation of grazing, shared traits among those with similar trends may 
elucidate controls on native vegetation recovery, an issue that will be explored more fully in 
Chapter 2.   
    Some exotics, such as taxa associated with soil salinity (Mesembryanthemum spp, Atriplex 
semibaccata, and Hordeum murinum), appear to be decreasing in cover while others maintain 
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or increase their range.  Shared traits of decreasing species may indicate changing habitat 
conditions in the post-grazing environment, such as decreased soil salinity due to reversal of 
soil compaction (Chaneton and Lavado 1996, Belsky and Blumenthal 1997). 
    Post-grazing succession also appears to be influenced by environmental setting.  Many 
studies have found an association of exotic grasslands with finer-grained soils (e.g. Hobbs 
1983, Young et al. 1999), presumably because the lower permeability favors the shallow-
rooted annual grasses and allows less moisture to percolate to the rooting depth of perennial 
plants.  On the Channel Islands, large tracts of exotic grasslands appear to occur primarily on 
fine-grained soils.   
    Field observations on the islands also suggest a possible association of native plant 
recovery with more mesic sites such as canyons and north-facing slopes.  Native vegetation 
has recovered more extensively on San Miguel than on Santa Barbara Island (Johnson and 
Rodriguez 2001); this could be because Santa Barbara has more fine-grained soils, but may 
also be at least partly due to its warmer, drier climate.   
    In this chapter I evaluate species cover data from the two islands for the period 1983/84-
2002 to determine if there are significant differences in cover trends among taxa.  I expected 
to find that certain native woody species (Coreopsis gigantea, Baccharis pilularis, and 
nitrogen-fixers) increased more than other native woody species, and that salt-tolerant exotics  
significantly decreased.  I also explore correlations between vegetation type and physical 
environment.  I expected to find an association of exotic grasslands with finer-grained soils 
and sites with greater heat load, and of native woody communities with coarse-grained 
substrates and more mesic sites.  I compare trends on the two islands to assess the potential 
for generalizing results beyond the study site.  In the description of study sites, I summarize 
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the vegetation and land use histories of the two islands to provide context for the analysis and 
discussion of post-grazing succession. 
 
 
STUDY SITES 
 
    The eight Channel Islands are located 20 to 98 km off the southern California coast 
(Figure 1.1) and vary in size from 2.6 to 249 km2 (Junak et al. 1995).  Four islands and part 
of a fifth island comprise Channel Islands National Park.  The region has a maritime 
Mediterranean climate, with cool, wet winters and a long summer drought; nearly all 
precipitation falls between November and April.  The 30-year mean annual precipitation for 
the period 1971-2000 at Oxnard, California, the nearest climate station to the islands, was 
397 mm (Western Regional Climate Center, WRCC, 2004).  Because the region has a 
semiarid climate and is affected by El Niño Southern Oscillation events (Schoenherr et al. 
1999), annual precipitation fluctuates considerably, and vegetative cover on the islands tends 
to reflect these fluctuations (Figure 1.2).  Unofficial records indicate the northern islands 
receive somewhat higher precipitation than the Oxnard reporting station (Junak et al. 1995, 
WRCC 2004), but interannual fluctuations in precipitation totals on the islands generally 
parallel those of the Oxnard station. 
    Island native vegetation is predominantly Mediterranean-climate scrub, with some pine, 
oak, and other woodland communities on the larger islands.  All eight islands were heavily 
impacted by 19th- and 20th- century introductions of nonnative herbivores, including sheep, 
cattle, goats, deer, elk, rabbits, pigs, bison, and burros.  Severe overgrazing caused massive 
erosion and conversion of native scrub communities to exotic annual grasslands and other 
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Figure 1.1.  The Channel Islands, California.  Islands with dark centers are in Channel 
Islands National Park.  (Source: Johnson and Rodriguez 2001.) 
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Figure 1.2.  Total water-year (July-June) precipitation at Oxnard, California, and mean total 
percent vegetative cover on San Miguel (SMI) and Santa Barbara (SBI) Islands.  Mean total 
percent cover is the cumulative cover of all plant species on all vegetation monitoring 
transects on a given island, divided by the number of transects sampled in the observation 
year.  Vegetation sampling was not conducted in 1989, 1991, or 1992.  
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exotic-dominated plant communities.  The islands also experienced localized impacts such as 
cultivation, wood-cutting, road and building construction, and military bombing, but grazing 
was the most widespread anthropogenic influence and is largely responsible for the profound 
changes in island vegetation in the past 150 years (Brumbaugh 1980, Johnson 1980, 
Philbrick and Haller 1995).  
    San Miguel and Santa Barbara Islands, both within Channel Islands National Park, were 
selected for analysis of post-grazing vegetation change because they have been free of 
nonnative herbivores for over 20 years and have long vegetation monitoring records, 
spanning 1983/84 to the present.  On the other Channel Islands, nonnative fauna removal 
and/or vegetation monitoring occurred more recently; nonnative herbivores such as deer, elk, 
and feral pigs are still present on some islands.  
 
 San Miguel Island 
 
    This 37 km2  island is westernmost of the eight Channel Islands and receives the full force 
of prevailing northwest winds sweeping around Point Conception, on the mainland 42 km to 
the north.  That and the island’s location in the cold California Current make for a notably 
foggy, windy climate.  The highest elevation on the island is 253 m.   
    The island is underlain by Cretaceous, Tertiary, and Quaternary marine sediments, 
volcanics, and eolianite deposits (Johnson 1967, 1980).  By the late 19th century, grazing-
induced loss of vegetation and topsoil reactivated eolianite deposits, resulting in large inland 
dune complexes oriented parallel to prevailing winds.  Locally, soil was stripped down to 
either bedrock or a caliche hardpan, which now comprise the ground surface in some areas. 
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    San Miguel’s flora is comprised of 267 taxa, of which 198 (74%) are native (Junak et al. 
1995).  Channel Island endemics make up 7% of the total flora and 9% of native flora.  
Asteraceae (52 taxa) and Poaceae (44 taxa) are the most well-represented families, followed 
by Fabaceae (25 taxa) and Brassicaceae (17 taxa) (Junak et al. 1997).  Plant communities 
(Figure 1.3) include grasslands (primarily exotic but some native); sand dune communities; 
caliche scrub, a mix of native and exotic forbs and grasses with minor native woody species 
on caliche erosion pavements; and native woody communities: island chaparral, coastal sage 
scrub, Coreopsis scrub, and sea cliff scrub (Johnson and Rodriguez 2001).  Island chaparral 
on San Miguel is co-dominated by a mix of native shrubs that may include Isocoma, 
Baccharis, Lupinus, Lotus, and Eriophyllum, and bears little resemblance to the Adenostoma-
dominated chaparral of the larger islands and the mainland.  
 
    Vegetation and land use history.  Pollen records from Daisy Cave, an archaeological site 
on San Miguel, indicate that coastal scrub communities were replacing Pleistocene pine 
forests on the island by 12-10,000 years before present (yr BP), concomitant with post-
glacial warming (West and Erlandson 1994, Erlandson et al. 1996).  Pollen records from the 
Santa Barbara Channel between the mainland and the islands also show a regional decline in 
pine from 12-8000 yr BP and increasingly xeric woodland and scrub vegetation from early 
through mid-Holocene, with essentially modern Mediterranean-climate plant communities in 
place by about 5000 yr BP (Heusser 1978).   
    Radiocarbon dating indicates Daisy Cave was first occupied by humans ca. 11,600 yr BP, 
one of the earliest documented human occupations of the California coast (Erlandson et al. 
1996).  Prehistoric human impacts on vegetation are not well known but appear to have been
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Figure 1.3a.  Selected plant communities of San Miguel Island.  (1)  Island chaparral 
dominated by native shrubs Lupinus albifrons and Isocoma menziesii and the exotic subshrub 
Carpobrotus chilensis.  (2)  Caliche scrub, a mix of native and exotic species on caliche 
erosion pavement.    
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Figure 1.3b.  Selected plant communities of San Miguel Island.  (3)  Coastal sage scrub, 
dominated by gray-green Artemisia californica, with some brighter green Baccharis 
pilularis.  (4)  Dune scrub community with mostly native shrubs, herbs, and grasses and the 
exotic subshrub Carpobrotus chilensis.  (Photos courtesy of Channel Islands National Park.) 
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minimal.  In contrast to mainland archaeological sites, little evidence of grain milling or 
agriculture has been found on San Miguel.  Early inhabitants’ diets were based primarily on 
marine resources, not terrestrial plants.  Prehistoric human impacts were also likely 
minimized by the highly episodic nature of occupation; the island was apparently uninhabited 
for roughly three-fourths of the time since first occupation.   
    The impacts and importance of fire on San Miguel and the other Channel Islands are 
poorly understood.  Charcoal in island paleosols shows that fires occurred on San Miguel and 
neighboring Santa Rosa Island throughout the Holocene (Johnson 1980, Cole and Liu 1994), 
but little is known about fire frequency or its ecological importance on the islands relative to 
other disturbances.  Lightning ignition is relatively uncommon in coastal California, where 
most fires are human-caused (Keeley 2002); it is rare on the islands, where only three 
lightning-caused fires have been documented since the early 19th century (Schoenherr et al. 
1999).  Some chaparral species with a mix of refractory (having fire-related germination 
cues) and non-refractory seeds have significantly higher proportions of the latter in coastal 
mainland chaparral stands (Odion 2000) and on Santa Cruz Island (Carroll et al. 1993) than 
at inland sites, suggesting lesser importance of fire disturbance in maritime areas. 
    Most island fires must have been human-caused.  We do not know whether paleo-Indians 
periodically set fires on the islands as they were known to do on the mainland, but occasional 
accidental fires seem an inevitable result of human occupation.  Nineteenth-century island 
ranchers may have used fire to clear brush; Cole and Liu (1994) found a peak in charcoal 
fragments in Santa Rosa Island sediments from the 1840s that corresponds to initiation of 
ranching.  Since the early 20th century, fire suppression has been the general practice on the 
islands, and large fires have been rare.  Until detailed studies of past fire regimes are 
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conducted, assessment of fire’s influence on vegetation dynamics of San Miguel and the 
other islands remains speculative. 
    Sheep ranching began on San Miguel “some time prior to 1850” (Roberts 1991).  By 1862, 
6000 sheep were on the island, a very high stocking rate (Johnson 1980).  A severe drought 
commenced in 1863; 5000 of the 6000 sheep starved.  Visitor reports prior to 1863 
consistently describe the island as covered with bushes and grass, with no mention of bare 
ground or blowing sand.  After 1863 and into the early 20th century, visitors describe the 
island as a barren waste of drifting sand, although some noted grasslands near the island’s 
east end.  Bathymetric mapping of Cuyler Harbor in 1852, 1875-76, and 1937 shows 
progressive shallowing due to sand blowing and slumping into the harbor.  The earliest 
botanical reconnaissance of San Miguel was made in 1887, after substantial damage to island 
vegetation had already occurred (Roberts 1991).   
    Cultivation was apparently restricted to a small area on the north-sloping terraces above 
Cuyler Harbor, where grain was sown in 1888 (Voy ca. 1893, Roberts 1991).  It is unclear 
how long this field was worked, but Roberts (1991) states that by 1929, sheep ranching was 
the only agricultural activity on the island.   
    Despite repeated episodes of drought and starvation of the sheep, stocking rates were not 
permanently reduced until 1935, after the U.S. Navy took control of the island and mandated 
a maximum of 1000 sheep (Roberts 1991).  A 1939 biological expedition to San Miguel 
reported modest recovery of vegetation following the reduction in stock numbers (Sumner 
and Bond 1939).  Stock numbers were further reduced to roughly 500 sheep in 1948-50; the 
Navy destroyed all remaining sheep in 1966 (Roberts 1991).  Feral burros introduced to the 
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island in the 19th century continued to impact vegetation until their destruction ca. 1977, 
when the island became free of all nonnative herbivores.  
 
Santa Barbara Island 
 
      Santa Barbara Island is 61 km offshore, approximately 115 km southeast of San Miguel 
Island, and is the smallest Channel Island at 2.6 km2.  It has a warmer, drier climate than San 
Miguel due to its location in a relatively warm, north-flowing eddy of the colder California 
Current (Schoenherr et al. 1999, WRCC 2004).  The island’s highest elevation is 194 m. 
    Island bedrock is predominantly Miocene basalt, locally veneered with Quaternary 
sediments (Vedder and Howell 1976).  The island has a north-trending central ridge with 
broad terraces to the east and west.  Many of the soils are vertisolic clays, particularly on the 
eastern terrace. Arch Point is a terraced area at the island’s northeast corner; it is subject to 
high winds and salt spray during storms and has thin, rocky soils and sparse, mostly prostrate 
vegetation.  The western terrace and Arch Point region are heavily used by nesting sea gulls 
and guano is abundant.  Both areas are dominated by salt- and alkaline-tolerant vegetation. 
    The island’s flora has 132 taxa, 88 (67%) of which are native (Junak et al. 1995).  Channel 
Island endemics, including 4 found only on Santa Barbara, make up 11% of the total flora 
and 16% of native taxa.  Asteraceae and Poaceae with 25 taxa each are the most well-
represented families among both native and exotic taxa, followed by Chenopodiaceae (8 
taxa) and Fabaceae (7 taxa).  Plant communities (Figure 1.4) include exotic grasslands and 
native woody communities: Coreopsis scrub, boxthorn (Lycium) scrub, cactus scrub, seablite  
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Figure 1.4a.  Selected plant communities of Santa Barbara Island.  (1) Seablite (Suaeda 
taxifolia) scrub in foreground, with lighter green exotic grasses and gray-green seablite;  
yellow-flowering Coreopsis scrub in background.  (2)  Boxthorn (Lycium californicum) 
scrub. 
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Figure 1.4b.  Selected plant communities of Santa Barbara Island.  (3)  Sea cliff scrub 
dominated by Eriogonum giganteum v. compactum (lighter gray with larger leaves) and 
Hemizonia clementina.  (4)  Exotic grassland dominated by Avena and Bromus.  (Photos 
courtesy of Channel Islands National Park.) 
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( 4 )
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(Suaeda) scrub, sea cliff scrub, and a few small patches of coastal sage scrub (Johnson and 
Rodriguez 2001). 
 
    Vegetation and land use history.  No pollen records are known from the island.  Regional 
vegetation history since the late Pleistocene is summarized above.  Small middens indicate at 
least occasional prehistoric human visitation, but there is no evidence of long-term 
habitation– not surprising given the island’s lack of surface water (Schoenherr et al. 1999).   
    The earliest reports of European usage state the island was densely stocked with goats by 
1846 (Dunkle 1950, Philbrick 1972).  Sheep were also introduced in the 19th century, and 
exotic grasses and forbs were apparently widespread by the late 1800s.  Grinnell (1897) 
reports abundant exotic iceplant (Mesembryanthemum spp) on the island.  As with San 
Miguel Island, the first botanic explorations took place in the late 1800s after island 
vegetation had been altered by grazing and the spread of exotic plants (Junak et al. 1993).  
    The Hyder family occupied the island from 1915 to 1922 (Philbrick 1972, Santa Cruz 
Island Foundation 2004).  Sheep grazing was the primary activity, but the Hyders also 
cleared portions of the east and west terraces for cultivation by pulling plants (both native 
and exotic species), and by annual burning commencing in 1918. Several catch basins for 
water storage were dug on the terraces.  The Hyders released rabbits on the island, but feral 
housecats introduced by previous occupants kept the rabbit population in check. Cultivation 
was largely unsuccessful and was abandoned within a few years.  Sheep grazing continued 
until 1926.    
    In 1931 a visitor reported that exotic iceplant was the dominant plant cover on the island, 
with some native giant coreopsis (Coreopsis gigantea) surviving on coastal bluffs (Philbrick 
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1972).  Sumner (1958) observed in 1939 that native cacti (Opuntia spp) had become 
widespread as a result of selective grazing in previous decades.  
    The island became part of Channel Islands National Monument in 1938.  A 1939 
biological expedition to the island reported that past overgrazing was evident and exotic 
grasses and forbs were widespread, but native vegetation was recovering noticeably, 
particularly giant coreopsis (Sumner and Bond 1939).  
    The U.S. Navy occupied the island during World War II and built several roads and 
buildings (Sumner 1958).  Navy men stocked the island with rabbits and several sheep as 
emergency food sources.  Fishermen reportedly shot the sheep after the Navy left in 1946, 
but the rabbits survived.  Their numbers remained low until the early 1950s, when the 
population exploded.   
    Sumner (1953) states that once the island came under National Park Service (NPS) 
protection in 1938, native vegetation made a “spectacular” recovery that lasted until the 
rabbit population explosion.  In 1950 Sumner observed that exotic grasslands, former 
cultivated areas, and stands of dense cacti had been “overwhelmed” and restricted to 
progressively smaller isolated patches by the spread of natives such as giant coreopsis, island 
morning glory (Calystegia macrostegia) and boxthorn (Lycium californicum).  Dunkle’s 
(1950) vegetation map shows the eastern terrace dominated by giant coreopsis, and boxthorn 
stands on both the eastern and western terraces.  
    Sumner (1953, 1958) observed only two rabbits in 1950.  By 1953, rabbits were abundant 
and the vegetation “looked as if it had been run over with a mowing machine”. By 1957, 
island morning glory and wild cucumber (Marah macrocarpus), two common native vines, 
were nearly extirpated; large stands of boxthorn and island sagebrush (Artemisia nesiotica) 
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were destroyed, giant coreopsis cover was half its 1950 extent, “small wildflowers” were 
nearly nonexistent, and even the grazing-tolerant exotic grasses were greatly reduced in 
cover. Only cacti and iceplant, both avoided by the rabbits, were increasing.  Dunkle’s 1950 
map shows iceplant mostly restricted to the summits of the island’s two peaks; by 1957, 
iceplant covered roughly half the island surface (Sumner 1958). 
    NPS and the U.S. Fish and Wildlife Service initiated a rabbit eradication program in 1954 
(Sumner 1958).  Rabbit numbers were reduced from an estimated 2650 in 1955 to several 
hundred within a few years.  Native vegetation began to show modest recovery after a high-
rainfall year in 1958.  In 1959 an accidental fire burned the eastern half of the island, 
denuding the vegetation (Philbrick 1972). Rabbit eradication efforts were sporadic from the 
1960s until 1980, when NPS mounted an aggressive program that eliminated all rabbits by 
1981 (Rugel 1995).   
 
 
METHODS 
 
Field methods 
 
    Vegetation sampling with relevés.  A 1983 vegetation survey of San Miguel Island was 
designed to provide a basis for island plant community classification and establishment of a 
permanent vegetation monitoring program.  Eighty-five relevés were located in the field to 
sample a wide range of plant communities and physical environments.  Relevés are 
rectangular vegetation sampling plots in which cover of each species present is estimated 
(Mueller-Dombois and Ellenberg 1974).  Some relevé sites were subsequently selected as 
locations for permanent monitoring transects.   
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    The San Miguel relevés were of varying dimensions to fit stand sizes; most were 1200-
1600m2 .  Cover for each species within a relevé was visually estimated using the 5 cover 
classes of the Braun-Blanquet cover scale (Mueller-Dombois and Ellenberg 1974).  Workers 
photographed some plot sites, approximated locations on topographic maps, and collected 
environmental site data. 
    In 2002, I relocated and resampled 28 relevés.  Other relevés were not resampled because 
they had become permanent transect locations or could not be reliably relocated.  Only those 
with adequate photographic documentation of location were resampled.  Plot location 
documentation was not consistently rigorous in 1983 because there was no intent of future 
resampling.  
    In 2002 cover was visually estimated for each species within plots, using the 10 cover 
classes of the North Carolina Vegetation Survey (NCVS) (Peet et al. 1998).  I used this 
system because the breaks between cover classes coincide with those of the Braun-Blanquet 
scale, allowing comparison with the 1983 data.  Within each plot I established and sampled a 
5 x 20m subplot, with the long dimension perpendicular to slope direction.  The subplots 
have no 1983 counterpart for comparison, but they simplify analyses of current vegetation by 
eliminating the effects of variable plot size on species composition.  I collected  
environmental site data, using NCVS protocols.  I documented plot locations on topographic 
maps and aerial photos and by GPS, and re-photographed plots from the 1983 vantage point.  
    On Santa Barbara Island, only 14 relevés were sampled in 1983.  Many became permanent 
monitoring locations, and others were not documented sufficiently to relocate.  
Consequently, only permanent transect data were used to analyze vegetation change on Santa 
Barbara Island.  
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     Vegetation sampling with transects.  NPS established permanent vegetation monitoring 
transects on San Miguel and Santa Barbara Islands in 1984 and has sampled them annually 
most subsequent years, during the growing season (Johnson and Rodriguez 2001).  Transects 
were established in stands considered representative of common island plant communities 
(Halvorson et al. 1988).      
    Most transects are 30 m in length; several transects on Santa Barbara Island are 20 m or 40 
m. Both ends of each transect are monumented.  Point poles are used to determine species 
present at points every 30 cm along the transect.  Site environmental data including slope and 
aspect were collected at each transect location in 1984 and verified for the current study in 
2002.  Monitoring data is stored in an Access database maintained by the Resource 
Management Division of Channel Islands National Park in Ventura, California. 
 
    Environmental data.  Table 1.1 describes environmental variables measured or estimated 
on relevés and transects.  Relevé and transect elevations were estimated from USGS 
topographic quadrangles.  Slope, aspect, slope shape, topographic position and soil drainage 
were recorded at all relevé and transect sites in 2002.  Aspect was converted to heat load 
index (McCune et al. 2002) by the equation: 
  
Heat load index = [1 - cos (Ø -45)] / 2 
 
where Ø = aspect in degrees east of true north.  Indices are between 0 and 1, with 0 
representing the coolest (northeast) slopes and 1 representing the warmest (southwest) slopes. 
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    Percent bare ground and percent cryptobiotic crust cover were visually estimated in the 
field at relevé sites in 2002.  Percent bare ground is routinely measured by point-count on 
transects.   
 
 
Table 1.1.  Environmental variables field-measured or estimated on San Miguel relevés and 
San Miguel and Santa Barbara transects. 
 
 
Variable Description Notes 
Elev Elevation (m)  
Slope Slope (°)  
HeatLoad Aspect transformed to heat load index 
[1 - cos (Ø -45)] / 2;   Ø = Aspect 
in ° east of true north1 
SlopeShape Categorical variable Concave, convex, hummocky,  flat 
TopoPosition Categorical variable: topographic position 
High/mid/low slope; high/mid/low 
level; toeslope; basin floor. 
SoilDrain Estimated site soil drainage rate Ranges from 1 (very poorly drained) to 6 (rapidly drained) 
BareGr % bare ground Measured on transects, visually estimated on relevés 
Crypto2 % cover by cryptobiotic crust Visually estimated on relevés 
VegHist3 
Vegetation history: index of 
change in total vegetation cover at 
site since 1929 
Based on aerial photos from 1929-
1997. See Methods section for 
explanation. 
 
1Aspect transformation from McCune et al. 2002.  Values range from 0-1; 0.0 = NE slopes 
(least radiation load), 1.0 = SW slopes, with maximum radiation load.  
 
2Available only for San Miguel relevé sites. 
 
3Available only for San Miguel relevé and transect sites. 
 
 
    Field observations suggest that species composition on San Miguel Island is related to the 
degree of long-term change in overall vegetative cover on a site, as indicated by historic 
aerial photos dating from 1929.  I developed an index of estimated vegetative cover change 
(“VegHist”) by evaluating vegetative cover on San Miguel relevé and transect sites using 
aerial photographs from 1929, 1940, 1954, 1979, 1988, and 1997.  Each site was assigned a 
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value of 1 for no vegetation, 2 for sparse vegetation, 3 for moderate vegetative cover, or 4 for 
dense vegetation (approximately 100% cover) for each flight (year).  For each site, the 
vegetation density ratings were regressed onto the number of years since the previous flight; 
the slope of the least-squares regression line is the site’s index of estimated vegetative cover 
change.  On all sites, virtually all changes were increases in cover, so the index reflects the 
degree of increase in vegetation cover over time.  A large value represents a large increase in 
vegetative cover; 0 represents no change.  The index was not calculated for Santa Barbara 
Island transect sites because few adequate-quality aerial photographs of the island are 
available.  
 
    Soil sampling and analysis.  In 2002 the upper 10 cm of soil was sampled in 4-point 
composites at each of the 28 relevé sites on San Miguel Island and at permanent-transect 
locations on San Miguel and Santa Barbara Islands.  I estimated soil texture by hand-
texturing as a check on laboratory analysis.  Samples were oven-dried, passed through a 2-
mm sieve, and analyzed by Brookside Laboratories of New Knoxville, Ohio, for soil texture, 
bulk density, and a suite of soil chemistry parameters (Table 1.2), using standard analytical 
protocols.  
    Soil analytical results for San Miguel transect 18 were also used for adjacent transect 11, 
which was replaced by transect 18 in 1994.  Transect 16 was not sampled due to 
archaeological protection constraints; soil analytical results for transect 13, which is on a 
very similar sand substrate and geomorphic position about 2 km distant, were also used for 
transect 16.  
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Table 1.2.  Soil analytical variables for soils sampled at relevé and transect locations.  
 
 
Variable Description Notes 
Sand Sand (%) particles 0.05-2.0mm diam. 
Silt Silt (%) particles 0.002-0.05mm diam. 
Clay Clay (%) particles <0.002mm diam. 
BulkDens Bulk density (g/cm3)  
pH pH  
EC Soluble salts (mmhos/cm)  
OM Organic matter (%)  
ENR Estimated nitrogen release (lb/acre)  
NO3 Nitrate (ppm)  
NH4 Ammonium (ppm)  
S Soluble sulfur (ppm)  
P Easily extractable phosphorus (ppm)  
TEC Total cation exchange capacity 
(meq/100g) 
 
Ca Calcium (ppm)  
Mg Magnesium (ppm)  
K Potassium (ppm)  
Na Sodium (ppm)  
Cl Chloride (ppm)  
CaCO3 Calcium carbonate (%)  
Capct Ca base saturation (%)  
Mgpct Mg base saturation (%)  
Kpct K base saturation (%)  
Napct Na base saturation (%)  
Hpct Hydrogen base saturation (%)  
B Boron (ppm) extractable trace element 
Fe Iron (ppm) extractable trace element 
Mn Manganese (ppm) extractable trace element 
Cu Copper (ppm) extractable trace element 
Zn Zinc (ppm) extractable trace element 
Al Aluminum (ppm) extractable trace element 
 
 
Data analysis 
 
    Statistical analyses were conducted using R 1.9.1 (R Development Core Team 2004) 
unless otherwise noted.  Jack Weiss of the Curriculum in Ecology at the University of North 
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Carolina, Chapel Hill, wrote the R code for species cover trend analyses.  Taxonomic 
nomenclature follows the USDA Plants database (USDA NRCS 2001).  
 
     Species cover trend analysis.  Analyses were designed to determine which species 
experienced significant changes in cover over time, and the magnitude and direction of the 
changes.  San Miguel relevé and transect datasets were analyzed separately because of 
differences in the data structure and data collection methods.  Within a given dataset (San 
Miguel relevés, San Miguel transects, or Santa Barbara transects), all relevés or transects on 
which a species occurs were treated as replicates; samples were not subdivided on the basis 
of plant community type.  
    San Miguel relevés.  Cover data from 2002 were converted to Braun-Blanquet cover 
classes.  The paired difference in cover class (2002 cover class value minus 1983 cover class 
value) on each plot and the mean paired difference over all plots was calculated for all 
species present on at least 8 plots in either or both years.  I used a paired t-test to determine 
whether a species’ population mean cover class was significantly different in 2002 vs. 1983 
(α = 0.05).  To account for multiple tests (multiple species present on a given plot), the step-
up procedure of Benjamini and Hochberg (1995) was used to control the false discovery rate 
(FDR) at 5%.  The FDR is defined as the expected percentage of significant tests that might 
be spurious (falsely significant).  It is considered a compromise between more severe 
corrections such as Bonferroni procedures that control the family-wise error rate, and more 
liberal approaches such as the per-comparison error rate, or ignoring multiplicity.  
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      For comparison, I also used the nonparametric Wilcoxon’s signed rank test to test for 
significant changes in cover class among species.  The Benjamini-Hochberg step-up 
procedure was used to control the FDR at 5%. 
    San Miguel and Santa Barbara transects.  The point count for each species on a transect 
was converted to percent cover by dividing the number of point-interceptions for the species 
by the total number of points on the transect.  Data from Santa Barbara transects 20 and 21 
were not used because the transects were only sampled two consecutive years and one year, 
respectively.  All other transects on both islands were sampled from 5 to 16 times during the 
19-year monitoring period, most at the high end of that range.    
    I used a multilevel (hierarchical) regression modeling approach to determine significant 
trends in cover for species on transects.  Using ordinary least-squares regression to 
characterize trends in time-series data can be problematic because the assumption of sample 
independence is violated: repeat samples on the same plot are not independent and would be 
expected to show some degree of autocorrelation and heteroscadasticity.  Multilevel 
modeling is explicitly designed for nested data such as a time series, in which repeated 
measurements at different times are nested in a parameter such as species, which in turn is 
nested in plots; the models automatically induce a residuals structure that accounts for 
autocorrelation and heteroscadasticity (Singer and Willett 2003).  
    In multilevel modeling of time-series data, the occasions of repeated measurement are 
considered the lowest level in the data hierarchy, and the observed parameter is the second 
level (Goldstein et al. 2002).  Level 1 of the Channel Islands transect data is sampling year 
and Level 2 is species sampled.  Level 3 is the transects on which the species occur.  Species 
cover is the response variable. 
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    At Level 1 I introduced annual precipitation as a covariate with “Year”  to account for its 
contribution to variability in species cover.  Total water-year (July to June) precipitation 
(Table 1.3) was calculated from monthly totals for the Oxnard NOAA reporting station 
(Western Regional Climate Center, WRCC, 2004).  
 
 
Table 1.3.  Channel Islands vegetation monitoring years and total precipitation for 
corresponding water-years at Oxnard, California, NOAA weather station.  Data are included 
for two years prior to initial 1984 vegetation monitoring because precipitation was averaged 
over three years for some analyses.   
 
 
 Water-year, Precipitation,   Water-year, Precipitation,  
Year July-June mm   (in.) Year July-June mm   (in.) 
1982 1981-1982 321   (12.63) 1993 1992-1993 642   (25.27) 
1983 1982-1983 780   (30.69) 1994 1993-1994 296   (11.66) 
1984 1983-1984 283   (11.13) 1995 1994-1995 732   (28.82) 
1985 1984-1985 307   (12.09) 1996 1995-1996 291   (11.44) 
1986 1985-1986 643   (25.30) 1997 1996-1997 354   (13.95) 
1987 1986-1987 213   (8.37) 1998 1997-1998 934   (36.77) 
1988 1987-1988 299   (11.77) 1999 1998-1999 239   (9.42) 
1989 1988-1989 241   (9.48) 2000 1999-2000 351   (13.82) 
1990 1989-1990 118   (4.63) 2001 2000-2001 437   (17.19) 
1991 1990-1991 313   (12.32) 2002 2001-2002 161   (6.35) 
1992 1991-1992 897   (35.30)   
 
 
    An unconditional means model (Singer and Willett 2003) was fitted to the data to 
determine whether all 3 data levels should be modeled.  If one or more levels contribute very 
little to the total variability in species cover, a more parsimonious model can be used.  The 
unconditional means model partitions the variance in species cover among different sources 
of variability: Level 1 variance is the variability in cover due to the time (year) of sampling, 
Level 2 variance is the variability due to the species sampled, and Level 3 variance is the 
variability due to which transect was measured.   
    The Level 1 component of the unconditional means model is: 
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Yijk = π0ij  +  εijk 
 
where Y = the cover value of a species, i = the transect, j = the species, and k = the time 
(year) of sampling, so that Yijk represents the cover value of species j on transect i at year k.  
π0ij is the mean cover value over all years for species j on transect i; the 0 indicates that this 
term is an intercept in a linear model.  εijk is the deviation about π0ij; residuals are assumed to 
be independent and normally distributed with a mean of zero.  
    The Level 2 component of the model is: 
π0ij = γ00i  +  u0ij 
 
where γ00i = the mean cover for transect i and u0ij = the deviation of individual species’ means 
on transect i from the transect i mean for all species.   
    The Level 3 model component is:  
γ00i = β000 + v00i 
 
where β000 = the overall cover mean and v00i =  the deviation of individual transects’ means 
about the overall mean.  
    The three equations can be combined via substitution into a single equation: 
Yijk = β000 + v00i + u0ij + εijk 
 
which represents a regression model in which the intercept β000  is a fixed effect, and the 
three error terms (the random effects) correspond to the three model levels.  The model 
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partitions the variance of the response variable, species cover, into the variability due to the 
sampling year (Level 1), the species sampled (Level 2), and the transect sampled (Level 3).    
    When unconditional means modeling of both San Miguel and Santa Barbara transect data 
showed minimal variability due to the transect sampled (discussed below in “Results”), I 
collapsed Level 3 into Level 2 and compared the collapsed model to the 3-level model, using 
the Akaike Information Criterion (AIC) to select the best-fitting model.  Based on the AIC, I 
selected the collapsed 2-level model for both islands.    
    Each island’s data was analyzed separately.  The Level 1 regression model can be 
expressed as:   
Yijk = π0ij  +  π1ijTIMEijk  +  π2ijPPTijk  + εijk 
 
where TIME is the year, in number of years since 1984 so that 1984 = 0, and PPT is total 
water-year precipitation for year k.  In this model, the cover value for species j on transect i at 
time k is due to the initial cover at time 0 (π0ij, the intercept), the partial rate of change in 
cover with respect to time, the partial rate of change in cover with respect to precipitation, 
and random error.   
    A smoothing function was added to convert the precipitation value to a moving 3-year 
average (the observation year and preceding 2 years), because plant cover response to 
precipitation appears to be a function of several years’ precipitation.  For example, cover 
tends to be lower in a dry year preceded by other dry years than in a dry year preceded by 
wet years.  
    In Level 2, three models were constructed, based on the Level 1 equation, that varied in 
which parameters were fixed at a population mean and which were random (allowed to 
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assume different values for each transect).  In R, a function written by Jack Weiss of the 
University of North Carolina Ecology Curriculum fitted the three models and tested the fixed 
and random effects for significance for each species.   
    In Model A, the intercept π0ij  is random; a given species is allowed to have different 
intercepts for each transect based on the actual baseline (1984) cover values.  The time and 
precipitation coefficients are fixed at population means.  For each species, Model A estimates 
the time and precipitation regression coefficients based on population means of all transects 
on which the species occurs, and tests whether the coefficients are significantly different 
from zero.    
    In Model B, both the intercept π0ij and time coefficient π1ij are allowed to vary while the 
precipitation coefficient π2ij remains fixed.  If Models A and B produce significantly different 
results for a species, that suggests heterogeneity among transects in the species’ temporal 
trend.  
     In Model C, the intercept and both coefficients are allowed to vary. If a comparison of 
Models B and C finds a significant difference in results for a given species, that suggests 
heterogeneity among transects in the species’ precipitation effect.  Precipitation effects on 
species cover are investigated more fully in Chapter 3. 
    Where model fitting indicated heterogeneity among transects for temporal effects, I 
examined model results graphically to evaluate the source of heterogeneity.  If a species has 
highly heterogeneous trends among transects, increasing on some and decreasing on others, 
then the temporal trend estimated in Model A based on population means may not be 
meaningful and must be interpreted cautiously.  Figure 1.5, discussed more fully in the 
“Results” section, is an example graph showing the observed cover values and the mean 
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cover values estimated in Model A for a species with heterogeneity in cover trend among 
transects.  
    To limit multiple testing and focus on common species, analyses were limited to species 
present at least two years of the monitoring period, with a minimum cover of 4% for at least 
one of the years.  To account for multiple tests, Benjamini and Hochberg’s (1995) step-up 
procedure was used to control the FDR at 5%. 
   
    Testing for differences in trends between islands.  To assess the generality of trend 
analysis results, I combined data from both islands and used a variation of the 2-level model 
described above to test whether temporal trends are dependent on which island is being 
measured.  The combined dataset included only species present on transects on both islands 
at the same minimum-presence levels previously specified.  Additionally, four similar 
congeneric pairs, such as Eriogonum grande v. rubescens on San Miguel Island and E. 
giganteum on Santa Barbara Island, were renamed by genus only so that each pair of island-
specific species were treated as the same taxa for inclusion in the analysis.  Astragalus, 
Calystegia, and Claytonia are the other genera with congener pairs included in the analysis. 
    Two multilevel models were fit, one with and one without a dummy variable that identifies 
the island on which a transect occurs.  The Level 1 model was the same as described 
previously and was identical in both of the current models.  The island variable was 
introduced in Level 2.  Model A assumes no island effect and includes no island variable.  In 
Model B, the dummy variable for island was attached to the intercept and temporal trend 
terms, so that each island was allowed to have its own intercept and mean temporal trend for 
a given species.  Because the same precipitation data was used for both islands, the  
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Figure 1.5.   Example graph of a species (Eriogonum giganteum v. compactum) with 
significant heterogeneity of cover trend among transects.  The graph shows observed percent 
cover from 1984 to 2002 on the three Santa Barbara Island transects on which the species 
occurs, and the species’ mean percent cover (over all three transects) estimated (predicted) by 
the multilevel regression model.  
 
 
 
 
 
 
Eriogonum giganteum 
v. compactum 
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precipitation effect was assumed to be the same on both islands.  An analysis of deviance 
assessed whether inclusion of the island term changed results significantly for any species.  
FDR significance (α = 0.05) was also calculated to correct for multiple testing. 
    I also conducted a slopes-as-outcomes analysis as an alternative approach.  Temporal trend 
lines were fitted for each species on each transect and a mean species trend on each island 
was calculated.  A t-test (α = 0.05) then determined whether a species’ mean trend lines 
differ significantly between islands.  Because variability about the mean must be estimated 
for the t-test, a species must be present on more than one transect on both islands to be 
included in the analysis.  FDR significance (α = 0.05) was also calculated. 
    Both the above approaches to assessing generality of temporal trends are limited to species 
common to transects on both islands.  To include the influence of all species present on 
transects, I grouped species into six guilds based on nativity and lifeform: native and exotic 
woody, graminoid, and herbaceous (forb) species.  I then assessed whether each guild’s 
trends differed significantly between the two islands.  Because species were being grouped, I 
did not apply minimum-presence criteria; all species found on transects were included in the 
analysis.  
    I used the same multilevel modeling approach as for individual species, but with species 
classified by guild.  Models were fitted for each island separately.  The Level 1 model is the 
same as previously described but with guild instead of species labels.  Mean intercepts and 
trends were calculated for each guild and then a Level 2 model was fitted, in which intercept, 
time, and precipitation coefficients were random effects.   
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    I compared temporal trends for a given guild on the two islands using a z-test of the null 
hypothesis that a guild’s temporal trends on the two islands do not differ significantly.  The 
test statistic for a given guild is: 
(πSMI -  πSBI) / [variance (πSMI) + variance (πSBI)]1/2 
 
where π is the guild’s temporal trend on an island.  I used the R function pnorm to obtain a 
2-tailed p-value. 
 
    Testing transect data for underestimation of vegetation change.  A primary goal of the 
vegetation monitoring program at Channel Islands National Park is to track vegetation 
change as the islands recover from overgrazing following removal of nonnative herbivores 
(Halvorson et al. 1988, McEachern 2001).  The monitoring program was developed in the 
1980s with a commonly-used methodology: plant communities were sampled and classified 
via the Braun-Blanquet relevé method (Braun-Blanquet 1932, Mueller-Dombois and 
Ellenberg 1974), and stands were then subjectively selected for permanent monitoring using 
criteria of homogeneity and representativeness of community type.   
    However, in dynamic landscapes such as the Channel Islands, where the disturbance 
regime has been dramatically altered by anthropogenic disturbances and cessation of those 
disturbances, such methods may result in undersampling of more dynamic stands.  Ecotones, 
early-successional stands, and mixed stands where exotic-dominated communities are being 
colonized by native plants (or vice versa) are less likely to meet criteria of homogeneity and 
representativeness.  Yet such areas could be among the most dynamic when disturbance 
regimes change, and undersampling them could render an incomplete picture of the degree 
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and nature of vegetation changes.  Comparative studies of subjective vs. random or stratified-
random sample selection have found that the former tends to undersample transitional or 
ecotonal vegetation (Holeska and Wozniak 2005) or underestimate exotic invasion (Bergdolt 
and Thomas 2001).  Some ecologists suggest the observer-biased method of selecting sites 
based on representativeness should generally be avoided (Jager and Looman 1995). 
    On San Miguel Island, the relevé sites sampled in 1983 and 2002 provide an opportunity 
for a comparative approach to assess whether the permanent monitoring transects 
underestimate vegetation change.  Although relevé sites were also subjectively selected, they 
were selected in the field under a less formal and rigorous process than the permanent 
transect sites, and with the intent to sample as many vegetation types as possible instead of 
just the most widespread, important plant communities (Lenihan, pers. comm., McEachern 
2001).  Relevé site selection was necessarily more random with respect to community 
representativeness because the relevé data itself was used to develop or modify concepts of 
San Miguel community types that formed the basis of permanent monitoring site selection.  
Several relevés underwent almost complete type conversions from exotic grasslands to native 
shrub stands from 1983 to 2002 (Figure 1.6), a degree of change not seen on any permanent 
monitoring transects, suggesting the relevés may capture a higher degree of vegetation 
change than the transects. 
    I compared the degree of compositional change captured by the relevés and the permanent 
transects to assess whether the more subjectively-located transects are underestimating post-
grazing succession on the island.  Because the relevés and transects have different 
dimensionality and sampling methodology, I analyzed the two datasets separately and then 
compared results.  
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Figure 1.6.  San Miguel Island relevé # 614, in June 1983 (1) and July 2002 (2).  The plot 
was dominated by exotic grasses in 1983; in 2002, it is dominated by the native shrub 
Coreopsis gigantea and native perennial grasses, with less than 1% cover by exotic grasses.  
(2) is a dry-season photo in which the Coreopsis is wilted.  (1983 photo by J. Lenihan/W. 
Lennox.) 
 
(1) 
 
 
(2) 
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    The subset of relevés resampled in 2002 was selected solely on the basis of ability to 
accurately relocate the 1983 sample site.  This was determined by adequacy of 1983 site 
documentation (such as existence and quality of plot photographs) and can be reasonably 
expected to be random with respect to vegetation type and environment, with one exception.  
Plant communities on sand dunes are underrepresented in the 2002 resamples because 
shifting dune topography hindered reliable relocation of sites.  Only 1 of 28 resampled 
relevés is on a dune, whereas ¼ of permanent transects are on dunes.  Rephotography and 
change in total percent cover on transects from 1984 to 2002 suggest dunes on San Miguel 
have experienced moderate to high increases in vegetative cover and compositional change 
relative to other sample locations.  Therefore, underrepresentation of dune communities 
could effectually underestimate compositional change on relevés and increase the chance of a 
Type II error when testing the null hypothesis of no significant difference in amount of 
compositional change on relevés vs. transects.   
    For each sample site, Sorenson percent dissimilarity between 1983/84 and 2002, based on 
species abundance data, was calculated to characterize the degree of vegetation change over 
time.  Two dissimilarity indices were computed for relevé abundance data: one using Braun-
Blanquet cover classes and one using cover class midpoints, expressed as percent cover.  
Cover classes are not evenly apportioned; the system is weighted toward the low end of the 
cover range so that, for example, a change in cover from 1 to 10% will span more cover 
classes than an equal-sized change from 51 to 60%.  Using cover class in an analysis 
preserves this weighting; using midpoints lessens its influence.  
    Because species abundance was recorded in broad cover classes on the relevés, greater  
change is often required before it will become apparent in the data, compared to the finer 
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resolution of cover estimation on transects.  The chance of a Type II error is increased by the 
lower resolution of the relevé cover data.  Therefore, I also calculated Sorenson dissimilarity 
indices for change over time based on species presence/absence.  If the null hypothesis of no 
difference in group means is supported by the test of abundance data but not that of 
presence/absence data, that would suggest the difference in cover data resolution may be 
responsible for the insignificant test.   
    I used a two-sample t-test to determine if the mean Sorenson percent dissimilarity between 
the two time periods is significantly different for the two types of vegetation samples.  I 
performed a two-sided t-test because of the possibility that the transects captured greater 
vegetation change than the relevés. 
    Sorenson dissimilarity indices were computed using PC-ORD 4.32 (McCune and Mefford 
1999).  T-tests were conducted using R 1.9.1 (R Development Core Team 2004) and a 
significance level of α = 0.05.  Normality of variables for t-tests was assessed by theoretical 
quantile plots and the Shapiro-Wilk test.  I verified the assumption of equal variances via an 
F-test on the ratio of group variances.  
 
     Ordination.  Relevé and transect cover data were ordinated to determine patterns and 
trends over time in species composition, and the correlation of environmental variables with 
species composition.  Ordinations were performed using PC-ORD 4.32 (McCune and 
Mefford 1999).  I used nonmetric multidimensional scaling (NMS), an ordination technique 
well-suited to ecological data because it makes no assumptions regarding data linearity or 
underlying models of species-environment relationships (Clarke 1993, McCune et al 2002).  
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    NMS iteratively searches for an ordering of samples in multidimensional space that 
minimizes the stress and number of dimensions in the solution.  Stress is the inverse of 
goodness-of-fit (high stress = poor fit) between the original dissimilarity matrix of sample 
data and the selected configuration of samples.  NMS solutions are graphically displayed in 
ordination diagrams showing the samples in 2-dimensional ordination space; the proximity of 
samples indicates the degree of species-compositional similarity between them.   
    I used the Sorenson (Bray-Curtis) distance measure for calculating the dissimilarity matrix, 
because it is recognized as an effective measure of sample similarity (McCune et al. 2002).  
Random starting configurations were used because experimentation showed these yielded the 
most stable solutions (instability is the standard deviation in stress over a specified number of  
preceding iterations; I used the default setting of 10 previous iterations).  For all ordinations, 
I specified preliminary runs with a maximum of 400 iterations, an instability criterion of 
0.00001, a step-down in dimensionality starting with a 6-D solution, 40 runs with real data, 
and 50 runs with randomized data.  The randomization is a Monte Carlo test of the 
probability that a similar final stress could have been obtained by chance alone.  The 
appropriate number of dimensions (axes) was determined by identifying the point on a scree 
plot of stress vs. dimensionality below which reductions in stress are minimal.  A final run 
was conducted using the optimal starting configuration and number of dimensions.   
    The acceptability of an NMS solution can be evaluated by its final stress and instability.  I 
considered an NMS solution acceptable if its final stress was < 17, per Clarke’s (1993) rules 
of thumb; final instability was < 0.001 (McCune et al 2002); and a plot of stress vs. iteration 
number showed that stress stabilized relatively early in the iterative process.   
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    Effectiveness of NMS solutions was assessed by calculating the proportion of variance in 
the original data that is represented by each ordination axis.  The metric is the coefficient of 
determination (r2) between distances in the original data and distances in ordination space.  
Ideally, at least 50% of the variance should be represented by two axes (McCune et al. 2002). 
    All ordinations were conducted using a secondary matrix of environmental variables, listed 
in Tables 1.1 and 1.2.  The relationship between species composition and environment is 
explored by correlating environmental variables with ordination axes.  The Pearson’s r 
correlation coefficient describes the linear relationship between environmental variables and 
ordination scores; Kendall’s tau describes the rank relationship.  Pearson’s r2 is the 
proportion of variance in a sample’s position on an ordination axis that is explained by a 
given environmental variable.  Joint plots display important environmental variables 
(Pearson’s r2 ≥ 0.20) as vectors on ordination diagrams; vector length is proportional to the 
value of r2.  
    Descriptive statistics were calculated for quantitative environmental variables.  Variables 
with skewness > 1.0 or values ranging over > 3 orders of magnitude were log-transformed, 
per general guidelines in McCune et al. 2002.  For comparison, all ordinations were run a 
second time with untransformed environmental data, using identical run-time options and 
starting coordinates.  
    For the Santa Barbara Island transect ordinations, I deleted the soil chemistry variable H-
percent from the secondary matrix because its value on 20 of 22 transects is 0.  Even though 
the two non-zero values were small, they tended to act as outliers.  
     For each of the three vegetation datasets (transects on both islands and San Miguel 
relevés), I ordinated a recent year’s data to determine current compositional patterns and 
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environmental relationships, and a combined dataset of multiple years of vegetation data to 
evaluate compositional trends over time and environmental relationships with vegetation 
change.  Compositional trends are graphically displayed on ordination diagrams as 
successional vectors connecting the same sample units over time.   
     I used 2002 vegetation data for ordination of San Miguel transects.  I used 1998 data for 
the Santa Barbara Island transect ordinations because many transects were not read in the 
subsequent years.  
    To examine successional vectors and environmental correlations with multiple years of 
data, I ordinated combinations of up to 6 years of data spread throughout the monitoring 
period.  Combining data from more than 5 or 6 years tended to produce unstable solutions 
and incomprehensible graphics.  I ordinated a variety of combinations of years, some 
including a mixture of average-, high-, and low-precipitation years (i.e. 1984-88-90-93-98-
2002) , and others excluding extreme precipitation years (i.e. 1984-88-94-99-01).  For San 
Miguel multiple-year ordinations, data from transects 11 and 18 were not used because 
transect 11 was abandoned after 1990 and transect 18 was not sampled prior to 1994.  
Several sporadically sampled or abandoned transects were also eliminated from the multiple-
year Santa Barbara Island dataset, and 1999 was the latest year included because many 
transects were not sampled in subsequent years.  
    The San Miguel relevés were only sampled twice, in 1983 and 2002.  For current 
vegetation patterns, I ordinated data from the 5x20m subplots I established within the 
original plots.  The subplots have the advantages of standard size and higher-resolution cover 
data from using the 10-class NCVS system.  To combine 1983 and 2002 data, I used 2002 
data from the larger plots (of the 1983 dimensions) and converted them to the Braun-
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Blanquet cover classes used in 1983.  Because the plots are of varying sizes, I included plot 
size as a quantitative variable in the secondary matrix to assess its correlation with species 
composition (i.e., the extent to which varying plot sizes may have affected species 
composition via sampling effect).   
 
 
RESULTS 
 
Species cover trends on San Miguel relevés 
 
    The combined 1983 and 2002 data included 93 species; 29 met the minimum presence 
criteria and were included in the analysis.  Eleven of the 29 species had significant 
differences between 1983 and 2002 Braun-Blanquet cover class (Table 1.4).  The FDR 
significance level was set at 0.05, meaning that 5% of significant tests could be spurious.  
Five percent of 11 significant tests is less than one test, suggesting all tests remain significant 
after accounting for effects of multiple testing. 
    Table 1.5 shows significant species ordered by direction and magnitude of change.  
Species that significantly increased include the native shrubs Lupinus albifrons, Coreopsis 
gigantea, and Baccharis pilularis, the native grass Distichlis spicata, and the native thistle 
Cirsium occidentale.  The annual grass Bromus hordeaceus was the only exotic species that 
significantly increased.  Only one native species, the subshrub Malacothrix incana, 
significantly decreased.  Exotic species that decreased in cover are the annual grass Hordeum 
murinum, a species common in saline waste areas; the herbs Melilotus indicus and Sonchus 
oleraceus, and the salt-tolerant subshrub Atriplex semibaccata.  Results of the nonparametric 
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Wilcoxon signed-rank test (Table 1.6) were similar to those of the paired t-test, except that 
Cirsium occidentale’s mean cover change loses FDR significance. 
 
 
Table 1.4.  Paired t-test results for San Miguel Island relevés.  Significant results (α = 0.05) 
are in bold.  
 
 
Mean Change in  FDR 
Species n Cover Class1 p significance2 
Achillea millefolium 12 0.250 0.191 NS 
Astragalus miguelensis 19 0.053 0.790 NS 
Atriplex californica 21 0.048 0.771 NS 
Atriplex semibaccata 13 -0.769 0.002 signif 
Avena spp 13 -0.077 0.776 NS 
Baccharis pilularis 23 0.478 0.008 signif 
Bromus diandrus 26 0.192 0.467 NS 
Bromus hordeaceus 10 1.500 0.001 signif 
Carpobrotus chilensis 21 0.381 0.119 NS 
Calystegia macrostegia 20 0.150 0.545 NS 
Cirsium occidentale 24 0.292 0.016 signif 
Coreopsis gigantea 13 0.615 0.005 signif 
Daucus pusillus 15 -0.067 0.818 NS 
Distichlis spicata 18 0.778 0.015 signif 
Erigeron glaucus 15 0.333 0.238 NS 
Eriogonum grande v. rubescens 11 0.182 0.441 NS 
Pseudognaphalium luteoalbum 15 0.133 0.499 NS 
Hordeum brachyantherum 17 -0.059 0.750 NS 
Hordeum murinum 8 -1.375 <0.001 signif 
Isocoma menziesii 23 0.174 0.462 NS 
Lotus dendroideus 13 0.385 0.137 NS 
Lupinus albifrons 11 1.000 0.002 signif 
Malacothrix incana 19 -0.632 0.001 signif 
Melilotus indicus 18 -0.778 0.001 signif 
Medicago polymorpha 12 0.083 0.754 NS 
Sisyrinchium bellum 12 0.583 0.067 NS 
Sonchus oleraceus 24 -0.417 0.009 signif 
Spergularia macrotheca 10 0.100 0.726 NS 
Vulpia myuros 9 0.222 0.665 NS 
 
1Mean change in Braun-Blanquet cover class from 1983 to 2002. 
 
2Benjamini and Hochberg (1995) False Discovery Rate (α = 0.05). 
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Table 1.5.  Significant paired t-test results for San Miguel relevés.  Species with significant 
(α = 0.05) mean changes in cover class are listed in descending order of direction and 
magnitude of change.   
 
 
Mean Change in  
Species n Cover Class1 p 
Bromus hordeaceus 10 1.500 0.001 
Lupinus albifrons 11 1.000 0.002 
Distichlis spicata 18 0.778 0.015 
Coreopsis gigantea 13 0.615 0.005 
Baccharis pilularis 23 0.478 0.008 
Cirsium occidentale 24 0.292 0.016 
Sonchus oleraceus 24 -0.417 0.009 
Malacothrix incana 19 -0.632 0.001 
Atriplex semibaccata 13 -0.769 0.002 
Melilotus indicus 18 -0.778 0.001 
Hordeum murinum 8 -1.375 <0.001 
 
1Mean change in Braun-Blanquet cover class from 1983 to 2002. 
 
 
Table 1.6.  Wilcoxon signed-rank test results for mean change in cover, 1983-2002, on San 
Miguel relevés.  Species with significant (α = 0.05) mean change in Braun-Blanquet cover 
class are in bold.  
 
 
FDR 
Species n p significance 
Achillea millefolium 12 0.375 NS 
Astragalus miguelensis 19 1.000 NS 
Atriplex californica 21 1.000 NS 
Atriplex semibaccata 13 0.011 signif 
Avena spp 13 1.000 NS 
Baccharis pilularis 23 0.019 signif 
Bromus diandrus 26 0.456 NS 
Bromus hordeaceus 10 0.004 signif 
Carpobrotus chilensis 21 0.165 NS 
Calystegia macrostegia 20 0.621 NS 
Cirsium occidentale 24 0.039 NS 
Coreopsis gigantea 13 0.016 signif 
Daucus pusillus 15 1.000 NS 
Distichlis spicata 18 0.026 signif 
Erigeron glaucus 15 0.270 NS 
Eriogonum grande v. rubescens 11 0.688 NS 
Pseudognaphalium luteoalbum 15 0.727 NS 
Hordeum brachyantherum 17 1.000 NS 
Hordeum murinum 8 0.008 signif 
Isocoma menziesii 23 0.479 NS 
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Table 1.6., continued 
 
FDR 
Species n p significance 
Lotus dendroideus 13 0.234 NS 
Lupinus albifrons 11 0.008 signif 
Malacothrix incana 19 0.003 signif 
Melilotus indicus 18 0.003 signif 
Medicago polymorpha 12 1.000 NS 
Sisyrinchium bellum 12 0.113 NS 
Sonchus oleraceus 24 0.020 signif 
Spergularia macrotheca 10 1.000 NS 
Vulpia myuros 9 0.820 NS 
 
 
Species cover trends on San Miguel transects 
 
    San Miguel transects sampled from 1984 to 2002 captured 103 species, of which 79 met 
minimum presence criteria for analysis.  In the unconditional means model, 64% of total 
variance was due to the species sampled, 36% was residual, and 0.02% was due to the 
transect sampled.  Because of the minimal variance at the transect level, Level 3 was 
collapsed onto Level 2 and tested against a full 3-level model. The 2-level model had a lower 
AIC and was selected to analyze transect data.   
    Twenty-three of the 79 species had significant (α = 0.05) temporal trends (Table 1.7).  The 
FDR (α = 0.05) suggests that one of the 23 significant tests could be spurious.  The temporal 
coefficients in column 3 of Table 1.7 are the partial rate of change due to time; results for the 
partial rate of change due to precipitation are presented and discussed in Chapter 3.   
    Seven native species (4 shrubs and 3 herbs) and 3 exotic species display significant 
increases in cover (Table 1.8).  The 3 exotic increasers are more widespread (n = 8-12) than 
the native increasers (n = 1-4).  Eight native species and 5 exotic species decreased in cover, 
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including both native vines (Calystegia macrostegia and Marah macrocarpus), salt-tolerators 
(Hordeum murinum and both species of Atriplex), and several species that tend to increase 
under grazing pressure (exotic herbs Erodium cicutarium and Medicago polymorpha and the 
native cactus Opuntia littoralis).  Most of the other declining species are associated with sand 
dunes and other open habitats.  
    The last column in Table 1.7 lists results of testing Model A, in which the time coefficient 
is fixed at a species’ population mean, vs. Model B, in which it is allowed to vary among 
transects.  Graphical examination of modeling results for species with a significant random 
time effect found that the population mean is generally an appropriate representation of 
species trend.  In most cases, heterogeneity among transects is due to large differences in 
initial cover rather than divergent trends: a species may decline on all transects, but it cannot 
decline as much on a transect where its initial cover was low.  Species that increased in cover 
also tended to exhibit smaller increases where initial cover was low.  Artemisia californica’s 
significant random time effect appears to be an artifact of the abandonment of one coastal 
sage scrub transect (#11) after 1990 and its replacement by transect 18 in 1994.  On the other 
coastal sage scrub transect (#5), Artemisia increases slightly through the 1980s and decreases 
in recent years.  The trends on transects 11 and 18 parallel this in their respective sampling 
periods, so they have opposing trends.  Only two species have substantially different trends 
among transects: the native herb Erigeron glaucus, which increased on two transects and 
decreased on one, and the native grass Nasella pulchra, which increased on three transects 
and decreased on one.  
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Table 1.7.  Species temporal trends on San Miguel transects, 1984-2002, from multilevel 
modeling.  Significant results are in bold.   
 
 
  Time p, FDR sig., p, Time 
Species n trend1 TimeTrend TimeTrend random2 
Abronia maritima 1 -0.029 0.916 NS 1.000
Abronia umbellata 3 -0.139 0.241 NS 0.054
Achillea millefolium 3 0.097 0.390 NS 0.506
Allium praecox 1 -0.012 0.834 NS 1.000
Ambrosia chamissonis 1 -1.174 0.007 signif 1.000
Ambylopappus pusillus 2 0.124 0.605 NS 0.542
Amsinckia menziesii 4 0.016 0.938 NS 0.100
Artemisia californica 3 -1.684 0.008 signif 0.002
Astragalus curtipes 1 -0.038 0.824 NS 1.000
Astragalus miguelensis 7 0.077 0.474 NS 0.039
Atriplex californica 8 -0.260 <0.001 signif 0.008
Atriplex semibaccata 4 -0.602 0.010 signif 0.046
Avena spp 7 -0.418 0.254 NS 0.196
Baccharis pilularis 7 0.130 0.265 NS <0.001
Bromus arizonicus 1 0.109 0.799 NS 1.000
Bromus carinatus 1 1.581 0.053 NS 1.000
Bromus diandrus 12 -1.035 <0.001 signif 0.001
Bromus hordeaceous 8 0.896 0.001 signif <0.001
Bromus rubens 6 0.271 0.327 NS 0.335
Cakile maritima 1 -0.377 0.016 NS 1.000
Calystegia macrostegia 7 -0.631 <0.001 signif 0.001
Camissonia cheiranthifolia  1 -0.188 0.094 NS 1.000
Carpobrotus chilensis 9 0.807 <0.001 signif <0.001
Castilleja lanata ssp. hololeuca 4 0.232 0.028 NS 0.407
Cerastium glomeratum 2 0.010 0.807 NS 0.999
Chenopodium californicum 3 -0.032 0.388 NS 0.013
Claytonia perfoliata ssp perfoliata 2 0.239 0.460 NS 0.887
Coreopsis gigantea 4 1.244 <0.001 signif 0.064
Corethrogyne filaginifolia 1 -0.127 0.353 NS 1.000
Cryptantha clevelandii  1 0.037 0.883 NS 1.000
Daucus pusillus 5 0.160 0.092 NS 0.888
Dichelostemma capitatum 3 -0.067 0.301 NS 0.999
Distichlis spicata 3 0.382 0.021 NS 0.236
Dudleya greenei 2 0.436 <0.001 signif 0.176
Erigeron glaucus 3 -0.023 0.740 NS <0.001
Eriogonum grande v. rubescens 2 0.539 <0.001 signif 0.999
Eriophyllum confertiflorum 1 1.392 0.001 signif 1.000
Erodium cicutarium 8 -0.428 0.001 signif <0.001
Erodium moschatum 1 -0.036 0.764 NS 1.000
Eschscholzia californica 2 0.323 0.270 NS 0.459
Frankenia salina 1 0.247 0.318 NS 1.000
Galium aparine 3 -0.192 0.202 NS 0.020
Hordeum brachyantherum  6 0.049 0.722 NS 0.561
Hordeum murinum 6 -1.424 <0.001 signif <0.001
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Table 1.7., continued 
 
  Time p, FDR sig., p, Time 
Species n trend1 TimeTrend TimeTrend random2 
Isocoma menziesii 9 -0.135 0.297 NS <0.001
Lamarckia aurea 1 0.014 0.837 NS 1.000
Lasthenia californica  2 -0.026 0.903 NS 0.797
Lotus dendroideus v. dendroideus 3 0.482 0.004 signif 0.098
Lotus salsuginosus 1 0.104 0.215 NS 1.000
Lupinus albifrons  6 -0.304 0.035 NS <0.001
Lupinus arboreus  1 -0.797 0.023 NS 1.000
Lupinus succulentus  1 -0.862 0.005 signif 1.000
Malacothrix incana  6 -0.987 0.000 signif <0.001
Malacothrix saxatilis v. implicata 3 0.093 0.742 NS 0.209
Marah macrocarpus 4 -0.550 0.013 signif 0.796
Marrubium vulgare 1 -6.240 0.097 NS 1.000
Medicago polymorpha  8 -0.462 0.003 signif 0.001
Melilotus indicus 9 -0.215 0.074 NS 0.999
Mesembryanthemum crystallinum 1 -0.012 0.777 NS 1.000
Nasella cernua 1 1.471 0.089 NS 1.000
Nasella pulchra  4 0.641 0.044 NS <0.001
Nemophila pedunculata 2 -0.083 0.250 NS 0.459
Opuntia littoralis 2 -1.930 <0.001 signif 0.339
Parapholis incurva 4 -0.602 0.023 NS 0.035
Phacelia distans 3 -0.315 0.132 NS 0.765
Poa douglasii 7 0.001 0.996 NS 0.009
Polypogon monspeliensis 1 -0.099 0.416 NS 1.000
Pseudognaphalium bicolor 1 0.590 0.515 NS 1.000
Pseudognaphalium luteoalbum 2 0.024 0.802 NS 0.999
Pterostegia drymarioides 3 0.182 0.004 signif 0.742
Senecio vulgaris 2 -0.077 0.313 NS 0.195
Silene gallica 1 -0.260 0.475 NS 1.000
Sisyrinchium bellum 2 0.901 <0.001 signif 1.000
Solanum douglasii  1 -0.132 0.031 NS 1.000
Sonchus oleraceus 12 0.176 0.007 signif 0.105
Spergularia macrotheca 4 -0.056 0.227 NS 1.000
Stellaria media 2 0.209 0.332 NS 0.946
Torilus nodosa 1 -0.188 0.232 NS 1.000
Vulpia myuros  4 0.089 0.723 NS 0.012
 
1Regression coefficient for partial rate of change in species cover due to time.   
 
2From comparison of models in which the time coefficient is random or fixed (at population mean); a 
significant result suggests heterogeneity in temporal trend among transects. 
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Table 1.8.  Species with significant temporal trends on San Miguel transects, ordered by 
direction and magnitude of trend.  
 
 
  Time p, 
Species n trend TimeTrend 
Eriophyllum confertiflorum 1 1.392 0.001 
Coreopsis gigantea 4 1.244 <0.001 
Sisyrinchium bellum 2 0.901 <0.001 
Bromus hordeaceous 8 0.896 0.001 
Carpobrotus chilensis 9 0.807 <0.001 
Eriogonum grande v. rubescens 2 0.539 <0.001 
Lotus dendroideus v. dendroideus 3 0.482 0.004 
Dudleya greenei 2 0.436 <0.001 
Pterostegia drymarioides 3 0.182 0.004 
Sonchus oleraceus 12 0.176 0.007 
Atriplex californica 8 -0.260 <0.001 
Erodium cicutarium 8 -0.428 0.001 
Medicago polymorpha  8 -0.462 0.003 
Marah macrocarpus 4 -0.550 0.013 
Atriplex semibaccata 4 -0.602 0.010 
Calystegia macrostegia 7 -0.631 <0.001 
Lupinus succulentus  1 -0.862 0.005 
Malacothrix incana  6 -0.987 <0.001 
Bromus diandrus 12 -1.035 <0.001 
Ambrosia chamissonis 1 -1.174 0.007 
Hordeum murinum 6 -1.424 <0.001 
Artemisia californica 3 -1.684 0.008 
Opuntia littoralis 2 -1.930 <0.001 
 
 
Species cover trends on Santa Barbara transects 
 
    Santa Barbara Island transects sampled from 1984 to 2002 captured 67 species, of which 
50 met minimum presence criteria and were included in analyses.  Unconditional means 
modeling showed 53% of total variance was due to the species sampled, 47% was residual, 
and 0.01% was due to the transect sampled.  As with the San Miguel data, the 2-level model 
tested against the 3-level model had a lower AIC and was used to analyze transect data.   
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    Thirteen of the 50 species have significant (α = 0.05) temporal trends (Table 1.9).  The 
FDR (α = 0.05) suggests that all tests remain significant after accounting for multiple testing.  
The temporal coefficients in column 3 of Table 1.9 are the partial rate of change due to time; 
results for the partial rate of change due to precipitation are presented and discussed in 
Chapter 3.   
    Only 3 species, all native, exhibit an increasing trend (Table 1.10).  The 10 decreasing 
species include 5 out of 6 salt-tolerators in the analysis: both Atriplex species, both 
Mesembryanthemum species, and Suaeda taxifolia.  The sixth salt-tolerator, Hordeum 
murinum, exhibits a decreasing but insignificant trend.  Other significantly decreasing 
species include a native shrub, cactus, and grass, an exotic grass, and another exotic herb.  
 
 
Table 1.9.  Species temporal trends on Santa Barbara transects, 1984-2002, from multilevel 
modeling.  Significant results are in bold.   
 
 
Time p, Time FDR sig., p, Time
Species n trend1 Trend TimeTrend random2
Achillea millefolium 6 0.176 0.066 NS 0.883
Ambylopappus pusillus 8 -0.230 0.106 NS 0.999
Amsinckia menziesii 21 0.572 0.000 signif 0.065
Atriplex californica 3 -0.465 0.001 signif 0.520
Atriplex semibaccata 16 -0.651 <0.001 signif <0.001
Avena spp 12 0.233 0.475 NS 0.001
Bromus arizonicus 7 0.023 0.805 NS 0.007
Bromus hordeaceous 7 -0.962 0.030 NS 0.004
Bromus rubens 17 -1.333 <0.001 signif <0.001
Calystegia macrostegia v. amplissima 5 0.049 0.878 NS 0.783
Chenopodium californicum 1 -0.642 0.037 NS 1.000
Chenopodium murale 5 -0.170 0.023 NS 0.190
Claytonia perfiolata ssp. mexicana 9 -0.184 0.348 NS 0.773
Coreopsis gigantea 10 0.222 0.143 NS 0.003
Crassula connata 1 -0.164 0.265 NS 1.000
Cryptantha clevelandii  4 -0.294 0.048 NS <0.001
Dichelostemma capitatum 9 -0.060 0.495 NS 0.999
Eriogonum giganteum v. compactum 4 0.358 <0.001 signif 0.026
Erodium cicutarium 3 -0.095 0.203 NS 0.488
Erodium moschatum 7 -0.675 0.026 NS 0.580
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Table 1.9, continued 
 
Time p, Time FDR sig., p, Time
Species n trend1 Trend TimeTrend random2
Galium aparine 5 0.136 0.430 NS 0.373
Hemizonia clementina 5 -0.509 <0.001 signif <0.001
Hordeum murinum 16 -0.268 0.153 NS 0.002
Lamarckia aurea 2 -0.038 0.347 NS 0.999
Lasthenia californica  3 -0.721 0.100 NS 0.220
Lycium californicum 4 -0.016 0.845 NS 0.029
Malacothrix foliosa v. philbrickii 8 -0.066 0.489 NS 0.292
Malva parviflora 11 -0.265 0.008 signif 0.010
Marah macrocarpus 5 -0.427 0.398 NS 0.527
Medicago polymorpha  1 -0.057 0.519 NS 1.000
Melica imperfecta 1 1.837 0.001 signif 1.000
Melilotus indicus 1 0.004 0.981 NS 1.000
Mesembryanthemum crystallinum  12 -1.882 <0.001 signif <0.001
Mesembryanthemum nodiflorum 2 -1.359 0.005 signif 0.018
Muhlenbergia microsperma 2 -4.578 0.001 signif 1.000
Opuntia littoralis 3 0.528 0.011 signif <0.001
Opuntia prolifera 4 -0.820 0.003 signif <0.001
Parietaria hespera 2 0.077 0.363 NS 0.999
Perityle emoryi 2 0.009 0.932 NS 0.890
Phacelia distans 1 -0.033 0.917 NS 1.000
Phalaris minor 1 0.089 0.439 NS 1.000
Pholistoma auritum 2 0.322 0.115 NS 1.000
Pholistoma racemosum 2 0.007 0.981 NS 1.000
Pterostegia drymarioides 9 -0.145 0.306 NS 0.829
Sonchus oleraceus 14 0.194 0.215 NS 0.335
Suaeda taxifolia 7 -0.914 <0.001 signif 0.001
Trifolium palmeri 1 0.047 0.419 NS 1.000
Trifolium willdenovii 1 -0.167 0.352 NS 1.000
Vulpia myuros  7 -0.081 0.230 NS 0.584
Vulpia octoflora 1 -0.026 0.899 NS 1.000
 
1Regression coefficient for partial rate of change in species cover due to time.   
 
2From comparison of models in which the time coefficient is random or fixed (at population mean); a 
significant result suggests heterogeneity in temporal trend among transects. 
 
 
    As with the San Miguel transects, graphical evaluation of trends for species showing a 
significant random time effect (suggesting heterogeneity among transects) found that the 
population mean is an appropriate representation of species trend.  Heterogeneity among 
transects is largely due to differences in initial cover or the size of the cover increase (or 
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decrease) rather than divergent trends.  Figure 1.5 is an example graph of a species 
(Eriogonum giganteum v. compactum) with a significant random time effect (p = 0.026).  
The species’ percent cover increased on all transects; heterogeneity among transects is 
apparently due to differing magnitude of increase.  
 
 
Table 1.10.  Species with significant temporal trends on Santa Barbara transects, ordered by 
direction and magnitude of trend.  
 
 
Time p, 
Species n trend TimeTrend 
Melica imperfecta 1 1.837 0.001 
Opuntia littoralis 3 0.528 0.011 
Eriogonum giganteum v. compactum 4 0.358 <0.001 
Malva parviflora 11 -0.265 0.008 
Atriplex californica 3 -0.465 0.001 
Hemizonia clementina 5 -0.509 <0.001 
Atriplex semibaccata 16 -0.651 <0.001 
Opuntia prolifera 4 -0.820 0.003 
Suaeda taxifolia 7 -0.914 <0.001 
Bromus rubens 17 -1.333 <0.001 
Mesembryanthemum nodiflorum 2 -1.359 0.005 
Mesembryanthemum crystallinum  12 -1.882 <0.001 
Muhlenbergia microsperma 2 -4.578 0.001 
 
 
Testing for differences in trends between islands 
 
    The two islands have 31 taxa in common on transects.  Multilevel modeling of combined 
data for both islands found no significant difference in trends between islands for any of the 
31 taxa, when multiple testing is accounted for via the FDR (Table 1.11).  Two species, 
Chenopodium californicum and Opuntia littoralis, have significantly different trends between 
islands before correction for multiple testing.  Twenty-two taxa met the criteria for inclusion 
in a slopes-as-outcomes analysis for a random island effect on species’ mean temporal trends.  
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This analysis also found no taxa with significantly different trends on the two islands (Table 
1.12), even before correction for multiple testing. 
    Multilevel modeling of lifeform guild trends and testing for a random island effect found 
that cover trends for exotic grasses and the three native guilds did not differ significantly 
between the two islands (Table 1.13).  The significant result for exotic woody species is due 
to the large increase in the iceplant subshrub Carpobrotus chilensis on San Miguel; this 
species is not present on Santa Barbara.  Atriplex semibaccata, San Miguel’s only other 
woody exotic and the only one on Santa Barbara, had significant negative trends on both 
islands.  The significant island effect for exotic herbs is due to a larger declining trend on 
Santa Barbara than on San Miguel, but the guild is decreasing in cover on both islands.  
 
Testing transect data for underestimation of vegetation change 
 
    Contrary to expectation, in all tests the San Miguel permanent monitoring transects 
showed significantly greater vegetation change over time (higher percent dissimilarity) than 
did the relevés (Table 1.14).  F-tests indicate the assumption of equal group variances was 
met in all three tests. 
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Table 1.11 .  Multilevel modeling results of temporal trends for species in common on San Miguel and Santa Barbara Islands and 
significance testing (α = 0.05) for difference in trends between the two islands (island effect).  
 
  
 
SMI SBI SMI SBI Combined p, Combined p, Island FDR 
Species n n TimeTrend TimeTrend TimeTrend TimeTrend Effect signif 
Achillea millefolium 3 6 0.086 0.177 0.143 0.053 0.534 NS 
Ambylopappus pusillus 2 8 0.106 -0.223 -0.144 0.236 0.236 NS 
Amsinckia menziesii 4 21 -0.022 0.592 0.481 0.003 0.116 NS 
Atriplex californica 8 3 -0.262 -0.462 -0.316 0.001 0.318 NS 
Atriplex semibaccata 4 16 -0.617 -0.585 -0.592 0.000 0.935 NS 
Avena spp 7 12 -0.374 0.244 0.035 0.927 0.444 NS 
Bromus arizonicus 1 7 0.119 0.040 0.051 0.712 0.849 NS 
Bromus hordeaceous 8 7 0.802 -0.875 -0.006 0.991 0.095 NS 
Bromus rubens 6 17 0.146 -1.305 -0.936 0.006 0.050 NS 
Calystegia spp  7 5 -0.627 -0.113 -0.450 0.035 0.220 NS 
Chenopodium californicum 3 1 -0.033 -0.647 -0.187 0.214 0.007 NS 
Claytonia spp 2 9 0.242 -0.194 -0.107 0.561 0.321 NS 
Coreopsis gigantea 4 10 1.256 0.168 0.529 0.067 0.055 NS 
Cryptantha clevelandii  1 4 0.028 -0.888 -0.707 0.234 0.506 NS 
Dichelostemma capitatum 3 9 -0.072 -0.060 -0.063 0.335 0.932 NS 
Eriogonum spp 2 4 0.541 0.472 0.500 <0.001 0.740 NS 
Erodium cicutarium 8 3 -0.434 -0.143 -0.364 0.036 0.455 NS 
Erodium moschatum 1 7 -0.020 -0.677 -0.594 0.045 0.440 NS 
Galium aparine 3 5 -0.229 0.214 0.028 0.877 0.186 NS 
Hordeum murinum 6 16 -1.438 -0.196 -0.547 0.086 0.064 NS 
Lamarckia aurea 1 2 0.015 -0.038 -0.020 0.556 0.438 NS 
Lasthenia californica  2 3 -0.058 -0.697 -0.439 0.311 0.440 NS 
Marah macrocarpus 4 5 -0.520 -0.250 -0.397 0.150 0.613 NS 
Medicago polymorpha  8 1 -0.490 -0.111 -0.448 0.060 0.601 NS 
Melilotus indicus 9 1 -0.227 -0.003 -0.200 0.063 0.490 NS 
Mesembryanthemum crystallinum 1 12 -0.040 -1.843 -1.692 0.000 0.152 NS 
Opuntia littoralis 2 3 -2.185 0.952 0.218 0.766 0.013 NS 
Phacelia distans 3 1 -0.318 -0.408 -0.323 0.121 0.913 NS 
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Table 1.11 . continued 
 
SMI SBI SMI SBI Combined p, Combined p, Island FDR 
Species n n TimeTrend TimeTrend TimeTrend TimeTrend Effect signif 
Pterostegia drymarioides 3 9 0.171 -0.138 -0.048 0.683 0.209 NS 
Sonchus oleraceus 12 14 0.158 0.221 0.191 0.059 0.751 NS 
Vulpia myuros  4 7 -0.113 -0.111 -0.111 0.504 0.976 NS 
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Table 1.12.  Results of slopes-as-outcomes test for significant differences (α = 0.05) in 
species’ mean temporal trends between San Miguel and Santa Barbara Islands. 
 
 
FDR 
Species p signif 
Achillea millefolium 0.855 NS 
Ambylopappus pusillus 0.431 NS 
Amsinckia menziesii 0.084 NS 
Atriplex californica 0.286 NS 
Atriplex semibaccata 0.781 NS 
Avena spp 0.545 NS 
Bromus hordeaceous 0.110 NS 
Bromus rubens 0.215 NS 
Calystegia spp  0.696 NS 
Claytonia spp 0.981 NS 
Coreopsis gigantea 0.256 NS 
Dichelostemma capitatum 0.733 NS 
Eriogonum spp 0.425 NS 
Erodium cicutarium 0.245 NS 
Galium aparine 0.499 NS 
Hordeum murinum 0.160 NS 
Lasthenia californica  0.513 NS 
Marah macrocarpus 0.471 NS 
Opuntia littoralis 0.231 NS 
Pterostegia drymarioides 0.095 NS 
Sonchus oleraceus 0.871 NS 
Vulpia myuros  0.568 NS 
 
 
Table 1.13.  Temporal trends for lifeform guilds on San Miguel and Santa Barbara Island 
and significance (α = 0.05) of trend differences between the two islands (p).  
 
 
 SMI SMI SBI SBI p, 
Guild # spp TimeTrend # spp TimeTrend SMI vs. SBI
Native woody species 24 -0.188 13 -0.281 0.652
Native graminoids 8 0.204 4 -0.066 0.474
Native herbs 40 0.074 25 0.093 0.911
Exotic woody species 2 0.193 1 -0.656 0.022
Exotic graminoids 10 -0.503 10 -0.413 0.631
Exotic herbs 19 -0.067 14 -0.447 0.032
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Table 1.14.  Results of t-tests of the null hypothesis of equal group means, comparing the 
degree of change in vegetation composition between 1983/84 and 2002 (measured as 
Sorenson percent dissimilarity) on two types of vegetation samples on San Miguel Island  
(n = 43; 28 relevés and 15 permanent monitoring transects).   
 
 
 Sorenson % dissimilarity  
 Group mean F-test for equal group variances 
Species data p Relevés Transects F df p 
Abundance; relevé data 
in cover class 
<0.001 41 64 0.528 27, 14 0.150 
Abundance; relevé data 
in % (class mid-point) 
<0.001 46 64 0.990 27, 14 0.944 
Presence/absence 0.020 38 48 0.570 27, 14 0.204 
 
 
Ordinations 
 
    Overview.  All acceptable NMS solutions had 3 dimensions, with 55-68% of the original 
data’s variance represented on two axes (Table 1.15).  The combined 1983 and 2002 San 
Miguel relevé data was problematic; a stable solution could only be achieved using the 
Euclidean distance measure.  Sorenson’s (Bray-Curtis) distance was used for all other 
ordinations. 
 
Table 1.15.  Parameters of final NMS ordination solutions for San Miguel Island (SMI) and 
Santa Barbara Island (SBI) datasets. 
 
 
 # Final  Final  Variance explained2  (r2) 
Dataset Axes stress instability p1 Axis 1 Axis 2 Axis 3 
SMI relevés 2002  3 15.1 0.00095 0.0196 0.303 0.220 0.263
SMI relevés 1983 & 2002  3 14.9 0.00001 0.0196 0.279 0.311 0.246
SMI transects 2002 3 12.5 0.00001 0.0392 0.192 0.156 0.382
SMI transects multiple 
years  
3 15.6 0.00014 0.0196 0.167 0.252 0.295
SBI transects 1998 3 8.8 0.00001 0.0100 0.223 0.18 0.455
SBI transects multiple 
years 
3 14.1 0.00001 0.0196 0.340 0.275 0.187
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1p = probability, from Monte Carlo test, that the final stress could have been obtained by chance 
alone. 
 
2Proportion of variance in the original data that is represented by each ordination axis;  r2 = 
coefficient of determination for correlations between distances in the original data and distances in 
ordination space. 
 
 
    Log-transforming environmental variables with high skewness or large range did not 
substantially change correlations of environmental data with ordination axes.  Ordinations of 
a given dataset with and without transformations produced very similar joint plots.  
    Ordination results are presented graphically as joint plots, with the magnitude of vectors 
representing the strength of environmental correlations with ordination axes.  All 
environmental variables with r2 ≥ 0.2 are displayed.  Results presented are from ordinations 
using untransformed environmental data.  
    In a few cases an environmental variable appears on a joint plot even though its r2 values 
for axes x and y are both less than 0.20.  PC-ORD calculates a variable’s vector length, h, as 
a function of the variable’s r2 values for axes x and y: 
h  ∝  [(r2x) 2  +  (r2y) 2] ½ 
 
(McCune et al. 2002).  If the r2 value for one or both axes is close to 0.2, the multiple r2 can 
exceed 0.2, and the variable will appear on the joint plot.  
    Ordination results from multiple-year datasets are displayed as successional vector 
diagrams.  The vectors show how each transect has moved through ordination space over 
time, allowing interpretation of successional patterns.  Successional vectors and 
environmental correlations for ordinations using multiple years of data were similar 
regardless of which years were used.  Ordinations excluding extreme high- or low-
precipitation years produced the clearest successional vector patterns.  I present results for 
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combined San Miguel data from the years 1984-88-94-99-2001, and for combined Santa 
Barbara Island data from the years 1984-88-94-97-99.  Joint plots are also shown for these  
multiple-year ordinations. 
 
     San Miguel relevés.  Ordination axes generally appear to represent gradients from high-
density vegetation on thicker or finer-grained soils to lower-density vegetation on sandy soils 
and erosion pavements.  For 2002 subplot data (Figures 1.7 and 1.8), axis 1 appears related to 
xericity and possibly soil texture: plots near the left end of the axis are on warm, south-facing 
slopes and finer-grained soils while those near the other end are on sandier soils.  The lower 
end of axis 2 appears to represent grasslands and Isocoma or Baccharis stands on erosion 
pavements while the other end represents dense stands of Coreopsis or coastal sage scrub.  
Axis 3 is a gradient from high-density grasslands and native shrub stands on thicker soils to 
lower-density vegetation on sand or erosion pavements.  
    All three axes of the combined 1983 and 2002 dataset (Figures 1.9 and 1.10) appear to 
represent gradients from native-dominated vegetation on sandy soils and more mesic sites to 
native and exotic-dominated sites, particularly grasslands, on finer-grained soils.  Axes 1 and 
2 also apparently have an element of xericity associated with the fine-grained-soil end of the 
axes.  
    Successional vectors for the 1983-2002 data evince no obvious patterns (Figures 1.11 and 
1.12).  No patterns are apparent within community types; for example, some grasslands 
display dramatic compositional shifts (large vectors) while others changed very little, and 
those that changed did so in varying directions.   
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Figure 1.7.  NMS ordination joint plot (axes 1 and 3) of San Miguel relevé 5 x 20m subplots, 
2002 cover data. Vectors are for environmental variables correlated with axes 1 and/or 3 with 
r2 ≥ 0.20. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P6 0 1
P6 0 2
P6 1 0
P6 1 1
P6 1 4
P6 1 7
P6 1 9
P6 2 3
P6 2 5
P6 2 7
P7 0 3
P7 0 7
P7 0 8
P7 1 2
P7 1 3
P7 1 4
P7 2 1
P7 2 2
P7 2 3
P7 2 4
P7 2 7
P7 2 8
P7 3 1P7 3 2
P7 3 3
P7 3 5
P7 4 2
P7 5 0
Sand
Silt
TECpH
OM
ENR
S
Ca
K
Capct
Mgpct
Kpct
Fe
Mn
Zn
Al
BulkDens
HeatLoad
BareGr
Crypto
Axis 1
A
xi
s 
3
 63
Figure 1.8.  NMS ordination joint plot (axes 1 and 2) of San Miguel relevé 5 x 20m subplots, 
2002 cover data. Vectors are for environmental variables correlated with axes 1 and/or 2 with 
r2 ≥ 0.20. 
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Figure 1.9.  NMS ordination joint plot (axes 1 and 2) of San Miguel relevés, 1983 and 2002 
cover data. Vectors are for environmental variables correlated with axes 1 and/or 2 with r2 ≥ 
0.20. 
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Figure 1.10.  NMS ordination joint plot (axes 2 and 3) of San Miguel relevés, 1983 and 2002 
cover data. Vectors are for environmental variables correlated with axes 2 and/or 3 with r2 ≥ 
0.20. 
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Figure 1.11.  NMS ordination (axes 1 and 2) of San Miguel relevés, 1983 and 2002 cover 
data, showing successional vectors. Vectors indicate the change in location of plots in 
ordination space based on changes in species composition between 1983 and 2002.   
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Figure 1.12.  NMS ordination (axes 2 and 3) of San Miguel relevés, 1983 and 2002 cover 
data, showing successional vectors. Vectors indicate the change in location of plots in 
ordination space based on changes in species composition between 1983 and 2002.   
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   Correlations between environmental variables and ordination axes are listed in Tables 1.16  
and 1.17.  The joint plot of axes 1 and 3 for the 2002 subplot ordinations (Figure 1.7) shows a 
positive correlation between the lower left quadrant, generally representing grassland species, 
and Mg-pct, K-pct, K, ENR, OM, silt, Mn, Fe, and heat load.  The opposite quadrant, 
representing primarily native woody and forb species of sandy or eroded substrates, 
correlates with Ca, Ca-pct, TEC, pH, bare ground, sand, S, and cryptobiotic crust cover.  The 
joint plot for axes 1 and 2 (Figure 1.8) displays similar patterns.   
    Joint plots for the combined 1983-2002 data (Figures 1.9 and 1.10) show similar 
relationships.  Axes ends representing grasslands correlate positively with K, K-pct, Mg, Mg-
pct, silt, heat load, Mn, and Zn, and negatively with sand, Ca-pct, pH, and slope.  Plot size 
for these variably-sized relevés is not significantly correlated with any ordination axes. 
 
    San Miguel transects.  Like the relevés, transects tend to sort on gradients between high-
density stands, primarily grasslands, on thicker, finer-grained soils, and lower-density stands 
on sandy or eroded substrates.  For 2002 transect data (Figures 1.13 and 1.14), axis 1 
represents a gradient from grasslands to lower-density sites with native woody taxa such as 
Calystegia and Castilleja hololeuca.  Axis 2 represents a gradient from low-density erosion 
pavement sites, particularly caliche, to high-density stands (primarily grasslands, but also 
some native shrub stands).  Axis 3 appears to be a gradient from sandy sites inhabited by taxa 
such as Abronia, Astragalus miguelensis, and Carpobrotus, to grasslands and coastal sage 
scrub on warmer sites with finer-grained soils.  In Figure 1.13, grassland and grassland/shrub 
sites on fine-grained soils are clustered along the left side of the diagram, coastal sage scrub 
and sea cliff communities on warm, south-facing bluffs are in the upper right, sandy sites of  
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Table 1.16.  Pearson’s r and Kendall’s tau correlation coefficients for environmental 
variables and NMS ordination axes for 28 San Miguel Island relevé subplots, 2002 data.  
Variables with Pearson’s r2 ≥ 0.2 are in bold.  See Tables 1.1 and 1.2 for description of 
environmental variables.   
 
 
Axis: 1 1 1 2 2 2 3 3 3 
Statistic: r r2 tau r r2 tau r r2 tau 
    
Sand 0.52 0.27 0.34 0.11 0.01 0.10 0.37 0.13 0.25
Silt -0.50 0.25 -0.31 -0.07 0.01 -0.17 -0.38 0.15 -0.27
Clay -0.38 0.14 -0.30 -0.14 0.02 -0.18 -0.22 0.05 -0.13
TEC 0.45 0.20 0.31 -0.01 0.00 0.11 0.57 0.32 0.42
pH 0.30 0.09 0.31 0.17 0.03 0.12 0.58 0.34 0.44
OM -0.24 0.06 -0.28 0.02 0.00 0.01 -0.62 0.39 -0.43
ENR -0.33 0.11 -0.29 0.07 0.00 0.01 -0.64 0.40 -0.44
S 0.52 0.27 0.46 -0.03 0.00 0.10 0.41 0.16 0.34
P 0.14 0.02 0.02 0.13 0.02 0.00 -0.39 0.15 -0.30
Ca 0.48 0.23 0.34 0.00 0.00 0.09 0.58 0.34 0.42
Mg -0.19 0.04 0.04 0.10 0.01 0.17 0.07 0.01 0.02
K -0.56 0.32 -0.36 0.30 0.09 0.15 -0.41 0.17 -0.29
Na 0.13 0.02 0.06 -0.30 0.09 0.06 0.21 0.05 0.11
Capct 0.47 0.22 0.30 0.12 0.01 0.07 0.54 0.29 0.40
Mgpct -0.56 0.32 -0.32 -0.05 0.00 -0.03 -0.49 0.24 -0.44
Kpct -0.52 0.27 -0.45 0.09 0.01 0.02 -0.60 0.36 -0.39
Napct -0.21 0.04 -0.15 -0.22 0.05 -0.14 -0.28 0.08 -0.24
Hpct -0.09 0.01 -0.16 -0.27 0.07 -0.20 -0.44 0.19 -0.38
B 0.30 0.09 0.19 0.02 0.00 0.19 0.29 0.08 0.29
Fe -0.27 0.07 -0.28 -0.27 0.07 -0.23 -0.57 0.33 -0.39
Mn -0.58 0.34 -0.44 0.39 0.15 0.29 -0.10 0.01 -0.21
Cu -0.41 0.17 -0.17 0.14 0.02 0.23 0.06 0.00 0.00
Zn -0.28 0.08 -0.29 0.51 0.26 0.40 -0.46 0.21 -0.29
Al -0.23 0.05 -0.28 -0.11 0.01 -0.11 -0.48 0.23 -0.38
EC 0.14 0.02 0.05 -0.33 0.11 -0.07 0.26 0.07 0.13
Cl 0.14 0.02 0.00 -0.36 0.13 -0.15 0.27 0.07 0.10
BulkDens 0.26 0.07 0.28 0.10 0.01 0.06 0.54 0.29 0.40
NO3 0.11 0.01 -0.04 0.42 0.17 0.18 0.05 0.00 0.14
NH4 -0.14 0.02 -0.24 -0.27 0.07 -0.29 -0.36 0.13 -0.29
CaCO3 0.08 0.01 0.37 0.02 0.00 0.16 0.34 0.11 0.33
Elev 0.18 0.03 0.05 -0.45 0.20 -0.29 -0.28 0.08 -0.27
Slope 0.22 0.05 0.18 0.35 0.12 0.22 0.17 0.03 0.18
HeatLoad -0.11 0.01 -0.05 0.25 0.06 0.17 -0.47 0.22 -0.32
SoilDrai 0.28 0.08 0.23 0.38 0.14 0.35 -0.03 0.00 0.04
BareGr 0.11 0.01 -0.02 -0.23 0.05 -0.18 0.59 0.35 0.61
Crypto -0.11 0.01 -0.04 -0.25 0.06 -0.18 0.50 0.25 0.56
VegHist 0.10 0.01 0.11 -0.37 0.14 -0.26 0.26 0.07 0.24
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Table 1.17.  Pearson’s r and Kendall’s tau correlation coefficients for environmental 
variables and NMS ordination axes for 28 San Miguel Island relevés sampled in 1983 and 
2002 (n = 56).  Variables with Pearson’s r2 ≥ 0.2 are in bold.  See Tables 1.1 and 1.2 for 
description of environmental variables.  
 
 
Axis: 1 1 1 2 2 2 3 3 3 
Statistic: r r2 tau r r2 tau r r2 tau 
     
Sand -0.19 0.03 -0.08 -0.42 0.18 -0.25 -0.45 0.20 -0.36
Silt 0.15 0.02 0.07 0.43 0.19 0.19 0.42 0.18 0.39
Clay 0.17 0.03 0.09 0.26 0.07 0.16 0.33 0.11 0.27
TEC -0.12 0.01 -0.01 -0.30 0.09 -0.18 -0.38 0.14 -0.38
pH 0.02 0.00 -0.03 -0.28 0.08 -0.17 -0.45 0.20 -0.34
OM -0.11 0.01 -0.07 0.19 0.04 0.15 0.42 0.18 0.39
ENR -0.06 0.00 -0.06 0.22 0.05 0.15 0.38 0.14 0.38
S -0.20 0.04 -0.13 -0.34 0.11 -0.31 -0.36 0.13 -0.36
P -0.16 0.02 -0.08 -0.01 0.00 -0.09 0.02 0.00 0.19
Ca -0.13 0.02 -0.04 -0.34 0.11 -0.22 -0.38 0.14 -0.39
Mg 0.01 0.00 -0.06 0.26 0.07 0.18 -0.28 0.08 -0.12
K 0.24 0.06 0.08 0.63 0.39 0.38 0.20 0.04 0.22
Na 0.03 0.00 0.03 -0.05 0.00 0.18 -0.10 0.01 -0.16
Capct -0.06 0.00 -0.03 -0.48 0.23 -0.28 -0.36 0.13 -0.33
Mgpct 0.10 0.01 0.02 0.51 0.26 0.29 0.25 0.07 0.35
Kpct 0.11 0.01 0.10 0.59 0.34 0.31 0.41 0.17 0.38
Napct 0.05 0.00 -0.02 0.30 0.09 0.24 0.24 0.06 0.20
Hpct -0.13 0.02 -0.04 0.16 0.02 0.15 0.46 0.21 0.39
B -0.02 0.00 -0.04 -0.26 0.07 -0.22 -0.29 0.08 -0.31
Fe 0.03 0.00 0.03 0.15 0.02 0.11 0.43 0.19 0.36
Mn 0.07 0.01 0.10 0.63 0.40 0.46 -0.24 0.06 0.07
Cu 0.20 0.04 0.09 0.17 0.03 0.14 -0.17 0.03 -0.10
Zn -0.02 0.00 0.05 0.46 0.21 0.37 -0.07 0.01 0.05
Al -0.04 0.00 0.05 0.17 0.03 0.14 0.26 0.07 0.32
EC 0.06 0.00 0.06 -0.12 0.02 -0.12 -0.11 0.01 -0.17
Cl 0.06 0.00 0.07 -0.12 0.01 -0.06 -0.09 0.01 -0.10
BulkDens 0.10 0.01 0.04 -0.17 0.03 -0.17 -0.43 0.19 -0.36
NO3 -0.19 0.04 0.03 -0.03 0.00 -0.03 -0.44 0.19 -0.23
NH4 -0.04 0.00 0.08 0.01 0.00 0.11 0.40 0.16 0.35
CaCO3 0.06 0.00 -0.18 -0.13 0.02 -0.12 -0.11 0.01 -0.38
Elev -0.02 0.00 -0.08 -0.32 0.11 -0.21 0.41 0.16 0.27
Slope -0.20 0.04 -0.08 -0.08 0.01 -0.08 -0.52 0.27 -0.38
HeatLoad -0.22 0.05 -0.17 0.48 0.23 0.33 0.09 0.01 0.15
SoilDrain -0.20 0.04 -0.11 -0.03 0.00 -0.02 -0.26 0.07 -0.19
VegHist 0.10 0.01 0.02 -0.31 0.10 -0.26 -0.03 0.00 -0.13
PlotSize 0.40 0.16 0.11 0.07 0.00 -0.06 0.34 0.11 0.32
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Figure 1.13.  NMS ordination joint plot (axes 1 and 3) of San Miguel transects, 2002 cover 
data.  Vectors are for environmental variables correlated with axes 1 and/or 3 with r2 ≥ 0.20. 
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Figure 1.14.  NMS ordination joint plot (axes 2 and 3) of San Miguel transects, 2002 cover 
data.  Vectors are for environmental variables correlated with axes 2 and/or 3 with r2 ≥ 0.20. 
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various native-dominated community types are in the lower right, and sites on erosion 
pavements are grouped near the lower center.  
    Ordination of the combined San Miguel transect data from multiple years (Figure 1.15) 
produced similar results to the 2002 data ordination.  Transects sort primarily along gradients 
from exotic grasslands on warmer sites with finer-grained substrates to native shrub 
communities on sandy soils and more mesic sites (axis 3), or from exotic grasslands to 
exotic/native mixed communities on more barren, low-density sites (axis 2).  Axis 1 (not 
shown) is primarily a separation between the coastal sage scrub site and the sea cliff scrub 
site, with the remaining sites clustered together in between. 
    Exotic grassland (#10) and mixed exotic/native communities with a large exotic grassland 
component (#4 and 15) cluster in the lower left of Figure 1.15.  Sea cliff scrub (#9) and 
caliche scrub sites (#1 and 2), all of which are a mix of exotic and native species, are in the 
lower center and lower right, respectively.  Sites in the upper half of the diagram are native 
shrub stands, grading upward along axis 3 from island chaparral or Coreopsis communities 
on more stabilized sandy loam soils to sand dune sites with taxa such as Ambrosia 
chamissonis, Camissonia cheiranthifolia, and Abronia that can pioneer on unstabilized or 
semistabilized dunes.  The coastal sage scrub site (#5), on a warm south-facing slope, 
appears in the lower-center left of the diagram, between the exotic grasslands and the more 
mesic native shrub sites.  
    Successional vector diagrams for combined data from multiple years show few consistent 
patterns of directional change of transects in ordination space (Figure 1.16).  Based on 
examination of raw data and species’ correlations with ordination axes, directional changes 
in ordination space appear mostly due to shifts in cover of one or a few species rather than
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Figure 1.15.  NMS ordination joint plot (axes 2 and 3) of San Miguel transects, 1984-88-94-
99-2001 cover data.  Vectors are for environmental variables correlated with axes 2 and/or 3 
with r2 ≥ 0.20. 
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Figure 1.16.  NMS ordination (axes 2 and 3) of San Miguel transects, 1984-88-94-99-2001 
cover data, showing successional vectors.  Vectors indicate the change in location of plots in 
ordination space based on changes in species composition between 1984 and 2001. 
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more general compositional shifts.  Decreases in some exotic grasses, notably Bromus 
diandrus and Parapholis incurva, appear responsible for the rightward shift exhibited by 
most the native shrub stands in the upper half of Figure 1.16.  The leftward shift of transect 8 
is due to increased Coreopsis cover.  The rightward shift of transects 4 and 10 appears due to 
decreases in Avena and Atriplex semibaccata cover.  The rightward shift of the caliche scrub 
sites (#1 and 2) appears due to an increase in the native herb Sisyrinchium bellum.  Although 
the shifts are generally attributable to increases in native species’ cover or decreases in exotic 
species’ cover, too few species are involved to claim the successional vectors represent broad 
compositional changes.  The coastal sage scrub site (#5) and sea cliff scrub site (#9) show 
little evidence of directional compositional change. 
    Correlations between environmental variables and ordination axes are listed in Tables 1.18 
and 1.19.  The joint plot of axes 1 and 3 for the 2002 data (Figure 1.13) shows the positive 
correlation between grasslands and clay, silt, Na-pct, Mg-pct, K-pct, ENR, OM, and most 
trace elements.  Sandy sites in the lower right positively correlate with soil drainage, sand, 
bulk density, Ca, Ca-pct, NO3, vegetation history (estimated increase in vegetation cover 
since 1929), TEC, pH, S, B, and CaCO3.  Heat load is positively correlated with the coastal 
sage scrub and sea cliff sites in the upper right corner, which are all on south-facing slopes.  
    In ordinations of multiple years of transect data, soil texture and two related variables, soil 
drainage and bulk density, are the strongest environmental correlates with ordination axes 
(Table 1.19, Figure 1.15).  The joint plot of axes 2 and 3 (Figure 1.15) shows the positive 
association of percent silt and clay with exotic grasslands, and of percent sand with native 
shrub communities.  Similar to the ordination of 2002 data, high soil Ca content is associated 
with the native shrub stands while Mg, K, Na, OM, and several trace elements generally 
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associate with the exotic grasslands.  High percent bare ground, TEC, and salinity (Na, Cl, 
EC) are associated with the caliche scrub sites on the right side of the diagram. 
 
 
Table 1.18.  Pearson’s r and Kendall’s tau correlation coefficients for environmental 
variables and NMS ordination axes for 16 San Miguel Island transects, 2002 data.  Variables 
with Pearson’s r2 ≥ 0.2 are in bold.  See Tables 1.1 and 1.2 for description of environmental 
variables.   
 
 
Axis: 1 1 1 2 2 2 3 3 3 
Statistic: r r2 tau r r2 tau r r2 tau 
     
Sand 0.79 0.63 0.56 0.30 0.09 0.21 -0.48 0.23 -0.36
Silt -0.65 0.42 -0.51 -0.33 0.11 -0.16 0.49 0.24 0.38
Clay -0.90 0.80 -0.66 -0.20 0.04 -0.11 0.37 0.14 0.33
TEC 0.48 0.23 0.36 -0.69 0.47 -0.49 -0.52 0.28 -0.46
pH 0.51 0.26 0.42 -0.46 0.21 -0.32 -0.54 0.30 -0.40
OM -0.36 0.13 -0.26 0.42 0.18 0.36 0.42 0.18 0.43
ENR -0.40 0.16 -0.26 0.44 0.19 0.36 0.58 0.33 0.45
S 0.39 0.15 0.54 -0.53 0.28 -0.28 -0.57 0.32 -0.34
P 0.25 0.06 0.21 0.47 0.22 0.36 -0.06 0.00 0.19
Ca 0.53 0.28 0.38 -0.64 0.41 -0.44 -0.54 0.30 -0.51
Mg -0.08 0.01 0.19 -0.68 0.46 -0.36 -0.07 0.00 -0.16
K -0.46 0.22 -0.34 0.05 0.00 0.04 0.51 0.26 0.34
Na -0.33 0.11 -0.28 -0.70 0.49 -0.33 -0.16 0.03 -0.23
Capct 0.67 0.45 0.51 -0.38 0.14 -0.21 -0.58 0.34 -0.51
Mgpct -0.69 0.48 -0.54 0.38 0.14 0.14 0.49 0.24 0.48
Kpct -0.59 0.35 -0.49 0.43 0.18 0.29 0.52 0.27 0.46
Napct -0.81 0.66 -0.53 0.08 0.01 -0.08 0.40 0.16 0.13
Hpct -0.17 0.03 -0.36 0.31 0.10 0.34 0.52 0.27 0.31
B 0.37 0.14 0.39 -0.62 0.39 -0.36 -0.50 0.25 -0.36
Fe -0.49 0.24 -0.36 0.60 0.36 0.43 0.26 0.07 0.33
Mn -0.51 0.26 -0.18 0.02 0.00 -0.16 0.51 0.26 0.54
Cu -0.33 0.11 -0.02 -0.36 0.13 -0.44 0.26 0.07 0.32
Zn -0.23 0.06 -0.10 0.43 0.19 0.40 0.57 0.32 0.42
Al -0.58 0.33 -0.49 0.48 0.23 0.23 0.35 0.12 0.39
EC -0.23 0.05 -0.12 -0.70 0.49 -0.27 -0.13 0.02 0.02
Cl -0.22 0.05 -0.24 -0.69 0.47 -0.13 -0.13 0.02 -0.26
BulkDens 0.49 0.24 0.30 0.14 0.02 0.19 -0.61 0.37 -0.40
NO3 0.73 0.54 0.58 -0.10 0.01 -0.09 -0.07 0.00 0.00
NH4 -0.41 0.16 -0.38 0.20 0.04 0.24 0.25 0.06 0.18
CaCO3 0.48 0.23 0.36 -0.33 0.11 -0.20 -0.47 0.22 -0.45
Elev -0.27 0.07 -0.30 0.26 0.07 0.18 0.09 0.01 0.08
Slope 0.47 0.22 0.37 -0.15 0.02 -0.20 0.18 0.03 0.01
HeatLoad 0.21 0.05 0.16 -0.26 0.07 -0.15 0.58 0.34 0.43
SoilDrai 0.90 0.80 0.67 0.32 0.10 0.23 -0.26 0.07 -0.25
BareGr 0.03 0.00 0.28 -0.87 0.76 -0.58 -0.18 0.03 -0.04
VegHist 0.59 0.34 0.52 -0.05 0.00 -0.06 -0.21 0.04 -0.28
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Table 1.19.  Pearson’s r and Kendall’s tau correlation coefficients for environmental 
variables and NMS ordination axes for 15 San Miguel Island transects sampled in 1984-88-
94-99-2001 (n = 75).  Variables with Pearson’s r2 ≥ 0.2 are in bold.  See Tables 1.1 and 1.2 
for description of environmental variables.   
 
 
Axis: 1 1 1 2 2 2 3 3 3 
Statistic: r r2 tau r r2 tau r r2 tau 
     
Sand -0.21 0.05 -0.17 0.00 0.00 0.07 0.86 0.74 0.69
Silt 0.14 0.02 0.14 0.06 0.00 -0.07 -0.79 0.63 -0.65
Clay 0.29 0.08 0.21 -0.11 0.01 -0.19 -0.84 0.71 -0.69
TEC -0.22 0.05 -0.11 0.74 0.55 0.55 0.42 0.18 0.28
pH -0.49 0.24 -0.14 0.55 0.30 0.46 0.53 0.28 0.38
OM 0.07 0.01 -0.12 -0.43 0.18 -0.41 -0.41 0.17 -0.30
ENR 0.03 0.00 -0.10 -0.49 0.24 -0.40 -0.54 0.29 -0.31
S -0.13 0.02 -0.12 0.64 0.40 0.45 0.46 0.21 0.44
P -0.29 0.08 -0.30 -0.27 0.07 -0.21 0.20 0.04 0.09
Ca -0.23 0.05 -0.11 0.71 0.51 0.52 0.49 0.24 0.34
Mg -0.42 0.17 -0.26 0.44 0.20 0.29 -0.46 0.21 -0.14
K 0.10 0.01 0.05 -0.17 0.03 -0.14 -0.63 0.40 -0.51
Na 0.14 0.02 0.18 0.61 0.37 0.20 -0.31 0.09 -0.22
Capct -0.46 0.22 -0.16 0.58 0.33 0.42 0.67 0.45 0.58
Mgpct 0.25 0.06 0.12 -0.61 0.37 -0.39 -0.70 0.49 -0.61
Kpct 0.32 0.10 0.15 -0.54 0.29 -0.38 -0.50 0.25 -0.45
Napct 0.41 0.17 0.34 -0.34 0.12 -0.07 -0.71 0.51 -0.50
Hpct 0.63 0.40 0.16 -0.32 0.11 -0.38 -0.27 0.07 -0.36
B -0.36 0.13 -0.12 0.71 0.51 0.45 0.35 0.12 0.33
Fe 0.20 0.04 0.04 -0.58 0.33 -0.44 -0.35 0.12 -0.27
Mn 0.28 0.08 0.14 -0.32 0.10 -0.18 -0.46 0.21 -0.49
Cu -0.31 0.10 -0.07 -0.07 0.00 0.03 -0.59 0.35 -0.36
Zn 0.26 0.07 -0.07 -0.60 0.36 -0.54 -0.23 0.05 -0.13
Al 0.25 0.06 0.10 -0.55 0.31 -0.32 -0.50 0.25 -0.48
EC 0.14 0.02 0.15 0.67 0.45 0.21 -0.23 0.05 -0.12
Cl 0.14 0.02 0.38 0.66 0.44 0.35 -0.23 0.05 0.01
BulkDens -0.11 0.01 -0.07 0.02 0.00 0.02 0.76 0.58 0.55
NO3 -0.64 0.41 -0.48 0.21 0.05 0.20 0.36 0.13 0.23
NH4 0.24 0.06 0.11 -0.19 0.04 -0.24 -0.35 0.12 -0.23
CaCO3 -0.30 0.09 -0.07 0.38 0.15 0.29 0.52 0.28 0.43
Elev 0.31 0.10 0.18 -0.12 0.01 -0.13 -0.12 0.01 -0.15
Slope 0.04 0.00 -0.08 0.13 0.02 0.22 0.22 0.05 0.17
HeatLoad 0.04 0.00 -0.01 0.13 0.02 0.02 -0.27 0.07 -0.22
SoilDrain -0.26 0.07 -0.24 -0.04 0.00 0.04 0.83 0.68 0.68
BareGr 0.12 0.02 0.04 0.79 0.62 0.46 -0.18 0.03 0.03
VegHist -0.18 0.03 -0.12 0.10 0.01 0.20 0.50 0.25 0.44
 79
    Santa Barbara transects.  Ordination axes generally appear to be gradients between more 
barren sites on thin, rocky, coarse-grained soils and more densely vegetated sites on deeper, 
finer-grained soil.  Transects tend to group by geographic regions such as the east and west 
terraces and the Arch Point area. 
    For the 1998 data (Figures 1.17 and 1.18), axis 1 represents a gradient from thin-soil sites 
near Arch Point to dense shrub stands and grasslands on thicker soils.  Axis 2 appears to be a 
gradient from native shrub-dominated sea cliff and canyon sites to grasslands and grass-shrub 
communities, primarily on the eastern terrace.  Axis 3 represents a gradient from dense shrub 
and grassland communities on thicker soils to sparser vegetation on thinner, saline soils of 
Arch Point and the western terrace.   
    In Figure 1.17, sites clustered in the lower center and right are those with dense vegetation 
on thicker soils.  Sites toward the left end of the cluster are predominantly exotic grasslands 
while those at the right are dominated by native shrubs, particularly Coreopsis.  Transects in 
the Arch Point vicinity (#7, 8, and 22), characterized by Malacothrix foliosa, Atriplex 
californica, and Mesembryanthemum, cluster loosely together in the upper left-center.  The 
western terrace transects (#1, 2, and 3; a fourth one, #4, was not sampled in 1998) are 
dominated by Suaeda taxifolia and Hordeum murinum; they cluster tightly together in the 
upper right.  Transect 5, near a severely eroded area on the eastern terrace known as the 
badlands, is also dominated by Suaeda taxifolia and Hordeum murinum, yet is isolated in 
ordination space.  Its species composition appears to be a mix of eastern and western terrace 
elements.  Transect 13 is a sea cliff site characterized by the native shrubs Hemizonia 
clementina and Eriogonum giganteum and a suite of native forbs.  Its species composition is 
quite different from other transects classified by NPS as “sea cliff scrub” (Johnson and  
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Figure 1.17.  NMS ordination joint plot (axes 1 and 3) of Santa Barbara Island transects, 
1998 cover data.  Vectors are for environmental variables correlated with axes 1 and/or 3 
with r2 ≥ 0.20. 
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Figure 1.18.  NMS ordination joint plot (axes 2 and 3) of Santa Barbara Island transects, 
1998 cover data.  Vectors are for environmental variables correlated with axes 2 and/or 3 
with r2 ≥ 0.20. 
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Rodriguez 2001), and it tends to be isolated in ordination space.  Transect groupings are 
similar in Figure 1.18. 
    Ordination of the combined data from multiple years produced similar results to the 1998 
data ordination, with transects tending to group by geographic regions of the island that 
reflect differences in soils and insolation (Figure 1.19).  Axis 1 appears to be a gradient from 
western terrace, badlands, and Arch Point sites, which generally have poor soils (thin and 
rocky and/or saline/alkaline), to North Peak and eastern terrace sites, which are more mesic 
and generally have better soils.  Axis 2 appears to be a gradient from exotic Avena-Bromus 
grasslands of the eastern terrace to native and mixed native and exotic-dominated 
communities of the western terrace, badlands, Arch Point, and North Peak.  Axis 3 (not 
shown) appears to be a gradient between sparsely vegetated sites on thin soils and more 
densely vegetated exotic grassland and native shrub sites on deeper soils.   
    Sites in the upper left of Figure 1.19 are Suaeda-Hordeum communities of the western 
terrace and badlands (#1-3 and 5).  The Arch Point transect (#7) is not the same community 
type but is grouped with these transects, apparently because of a similar herb component.  
Transects in the center-right portion of the diagram (#9, 11, 12, and 13) are native shrub 
communities, predominantly Coreopsis gigantea and/or Hemizonia clementina, on more 
mesic sites such as North Peak or north-facing canyon slopes.  The cluster of sites in the 
lower center are eastern terrace sites that are either Avena-Bromus grasslands or native shrub 
communities with a large component of Avena-Bromus grassland.  Transects 8 and 22, from 
the north- and south-facing slopes of a small canyon south of Arch Point, are somewhat 
isolated in ordination space; the north-facing site (#8) is closer in ordination space to the 
native shrub sites while the south-facing site (#22) is closer to the exotic grassland sites. 
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Figure 1.19.  NMS ordination joint plot (axes 1 and 2) of Santa Barbara Island transects, 
1984-88-94-97-99 cover data.  Vectors are for environmental variables correlated with axes 1 
and/or 2 with r2 ≥ 0.20. 
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    Successional vectors for many individual transects show no directional change in 
ordination space, and there are few consistent patterns within groups (Figure 1.20).  The 
strongest directional change is the rightward shift of transects 11 and 12 on North Peak.  
Examination of raw data and species correlations with ordination axes indicates this shift is 
due to a large increase in Coreopsis cover and large decrease in Mesembryanthemum cover.  
These changes are evident in comparisons of current vegetation with older vegetation maps 
and photographs of the North Peak area.  Most of the western terrace/badlands/Arch Point 
sites in the upper left of the diagram show a slight upward shift that also reflects decreasing 
Mesembryanthemum cover.  A number of vectors for exotic grassland sites in the lower 
center point leftward and down, but these appear to reflect site-specific cover changes in one 
or a few species rather than a common successional trend.    
    Correlations between environmental variables and ordination axes are listed in Tables 1.20 
and 1.21.  The joint plot of axes 2 and 3 for the 1998 data (Figure 1.18) illustrates strong 
correlations between fine-grained soils (silt, clay) and the exotic-dominated grassland and 
badland transects on the right side, and of sand and soil drainage with the native-dominated 
sites on the left.  Mg-pct and Mn are also correlated with exotic grasslands while TEC, slope, 
Ca, and Ca-pct correlate with native-dominated sites.  Bare ground, K, S, heat load, P, and 
CaCO3 are associated with the Arch Point sites in the upper left.  P, Zn, and CaCO3 are 
associated with the western terrace sites in the upper right.  The joint plot of axes 1 and 3 for 
the 1998 data (Figure 1.17) shows heat load, P, and Zn associated with the western terrace 
sites in the upper right quadrant; bare ground, Cl, S, and Mg associated with the Arch Point 
sites in the upper left-center; and CaCO3 and NH4 associated with transect 5 in the badlands. 
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Figure 1.20.  NMS ordination (axes 1 and 2) of Santa Barbara Island transects, 1984-88-94-
97-99 cover data, showing successional vectors.  Vectors indicate the change in location of 
plots in ordination space based on changes in species composition between 1984 and 1999. 
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Table 1.20.  Pearson’s r and Kendall’s tau correlation coefficients for environmental 
variables and NMS ordination axes for 18 Santa Barbara Island transects, 1998 data.  
Variables with Pearson’s r2 ≥ 0.2 are in bold.  See Tables 1.1 and 1.2 for description of 
environmental variables.   
 
 
Axis: 1 1 1 2 2 2 3 3 3 
Statistic: r r2 tau r r2 tau r r2 tau 
     
Sand 0.12 0.02 0.18 -0.82 0.67 -0.63 0.27 0.07 0.18
Silt -0.06 0.00 -0.10 0.77 0.59 0.56 -0.18 0.03 -0.18
Clay -0.16 0.03 -0.25 0.72 0.52 0.55 -0.32 0.10 -0.14
TEC -0.06 0.00 0.02 -0.69 0.48 -0.48 0.31 0.10 0.18
pH 0.03 0.00 0.11 -0.14 0.02 -0.25 0.12 0.02 0.06
OM 0.21 0.04 0.05 -0.38 0.15 -0.27 0.07 0.00 0.10
ENR 0.09 0.01 0.06 -0.41 0.17 -0.27 0.02 0.00 0.10
S -0.48 0.23 0.13 -0.37 0.14 -0.39 0.39 0.15 0.36
P 0.29 0.09 0.19 0.04 0.00 -0.10 0.62 0.39 0.40
Ca 0.23 0.05 0.16 -0.66 0.44 -0.46 0.01 0.00 0.03
Mg -0.42 0.17 -0.16 -0.30 0.09 -0.19 0.37 0.14 0.20
K -0.21 0.04 0.03 -0.39 0.15 -0.23 0.38 0.15 0.29
Na -0.30 0.09 0.00 -0.10 0.01 -0.01 0.41 0.17 0.35
Capct 0.33 0.11 0.22 -0.51 0.26 -0.36 -0.14 0.02 -0.12
Mgpct -0.32 0.10 -0.23 0.55 0.30 0.40 -0.21 0.04 -0.12
Kpct -0.19 0.04 -0.12 0.27 0.08 0.11 0.14 0.02 0.03
Napct -0.18 0.03 -0.03 0.21 0.04 0.22 0.40 0.16 0.25
B -0.24 0.06 0.11 -0.39 0.15 -0.33 0.34 0.12 0.29
Fe -0.07 0.00 -0.07 0.40 0.16 0.30 -0.19 0.04 -0.17
Mn -0.33 0.11 -0.27 0.50 0.25 0.36 -0.09 0.01 -0.03
Cu -0.34 0.11 -0.34 0.00 0.00 0.01 -0.06 0.00 0.00
Zn 0.26 0.07 0.16 0.32 0.10 0.16 0.59 0.35 0.32
Al -0.34 0.11 -0.20 0.38 0.14 0.35 -0.28 0.08 -0.28
EC 0.01 0.00 0.05 -0.16 0.03 -0.04 0.24 0.06 0.28
Cl -0.55 0.30 0.19 -0.23 0.05 0.01 0.34 0.12 0.35
BulkDens -0.02 0.00 0.03 0.28 0.08 0.26 0.11 0.01 0.06
NO3 -0.08 0.01 0.17 -0.22 0.05 -0.33 0.27 0.07 0.30
NH4 0.44 0.19 0.23 0.15 0.02 0.02 0.36 0.13 0.36
CaCO3 0.71 0.50 0.55 -0.10 0.01 -0.05 0.46 0.21 0.31
Elev 0.13 0.02 0.07 -0.07 0.01 0.14 -0.23 0.05 -0.08
Slope 0.10 0.01 0.06 -0.66 0.44 -0.43 0.08 0.01 -0.13
HeatLoad 0.30 0.09 0.19 -0.26 0.07 -0.22 0.61 0.37 0.34
SoilDrain 0.35 0.12 0.35 -0.79 0.62 -0.65 0.21 0.05 0.05
BareGr -0.61 0.37 0.00 -0.49 0.24 -0.59 0.40 0.16 0.41
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Table 1.21.  Pearson’s r and Kendall’s tau correlation coefficients for environmental 
variables and NMS ordination axes for 17 Santa Barbara Island transects sampled in 1984-
88-94-97-99 (n = 85).  Variables with Pearson’s r2 ≥ 0.2 are in bold.  See Tables 1.1 and 1.2 
for description of environmental variables.  
  
 
Axis: 1 1 1 2 2 2 3 3 3 
Statistic: r r2 tau r r2 tau r r2 tau 
     
Sand 0.05 0.00 0.02 0.70 0.49 0.50 -0.34 0.12 -0.17
Silt -0.20 0.04 -0.10 -0.54 0.29 -0.31 0.29 0.08 0.20
Clay 0.13 0.02 0.11 -0.73 0.54 -0.50 0.33 0.11 0.22
TEC -0.11 0.01 -0.08 0.61 0.37 0.37 -0.38 0.14 -0.25
pH -0.42 0.18 -0.27 0.34 0.11 0.23 -0.12 0.01 -0.15
OM 0.23 0.06 0.12 0.32 0.10 0.22 0.02 0.00 0.01
ENR 0.28 0.08 0.13 0.27 0.07 0.21 -0.03 0.00 0.02
S -0.36 0.13 -0.29 0.44 0.20 0.51 -0.50 0.25 -0.13
P -0.73 0.53 -0.51 0.55 0.30 0.42 0.09 0.01 0.01
Ca 0.19 0.04 0.07 0.46 0.21 0.29 -0.17 0.03 -0.12
Mg -0.00 0.00 0.05 0.18 0.03 0.13 -0.34 0.11 -0.19
K -0.40 0.16 -0.35 0.45 0.20 0.32 -0.41 0.17 -0.12
Na -0.49 0.24 -0.32 0.45 0.20 0.31 -0.30 0.09 -0.10
Capct 0.36 0.13 0.27 0.24 0.06 0.12 0.00 0.00 -0.03
Mgpct 0.20 0.04 0.14 -0.67 0.45 -0.48 0.12 0.02 0.05
Kpct -0.43 0.18 -0.24 -0.09 0.01 -0.05 -0.12 0.01 -0.10
Napct -0.58 0.34 -0.46 0.33 0.11 0.14 -0.09 0.01 0.01
B -0.46 0.21 -0.37 0.51 0.26 0.38 -0.39 0.15 -0.15
Fe 0.17 0.03 0.11 -0.41 0.17 -0.26 0.13 0.02 0.10
Mn -0.28 0.08 -0.27 -0.32 0.10 -0.21 0.03 0.00 0.02
Cu 0.29 0.08 0.15 -0.26 0.07 -0.15 -0.03 0.00 -0.05
Zn -0.71 0.51 -0.52 0.36 0.13 0.26 0.19 0.04 0.09
Al 0.32 0.10 0.22 -0.51 0.26 -0.37 0.07 0.01 0.18
EC -0.16 0.02 -0.10 -0.12 0.02 0.05 -0.33 0.11 -0.12
Cl -0.35 0.12 -0.46 0.33 0.11 0.44 -0.48 0.23 0.04
BulkDens -0.37 0.14 -0.23 -0.14 0.02 -0.18 0.04 0.00 0.04
NO3 -0.36 0.13 -0.32 0.44 0.19 0.31 -0.28 0.08 -0.22
NH4 -0.46 0.21 -0.34 0.46 0.21 0.35 0.22 0.05 0.09
CaCO3 -0.31 0.13 -0.26 0.58 0.33 0.41 0.28 0.08 0.19
Elev 0.19 0.04 0.05 0.02 0.00 -0.03 -0.04 0.00 -0.06
Slope 0.39 0.16 0.27 0.19 0.04 0.05 -0.23 0.06 -0.17
HeatLoad -0.39 0.15 -0.17 0.52 0.27 0.41 0.04 0.00 0.01
SoilDrain 0.11 0.01 0.05 0.67 0.44 0.46 -0.21 0.04 -0.15
BareGr -0.16 0.03 -0.12 0.34 0.11 0.31 -0.33 0.11 -0.25
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    Ordination of multiple years of transect data produced environmental correlations similar 
to those for the 1998 data ordinations.  Soil texture and drainage and several soil chemistry 
variables are the strongest environmental correlates (Figure 1.19, Table 1.21).  Exotic 
grasslands are associated with high clay, silt, Mg, and Al content of soils.  Native-dominated 
sites are generally associated with high sand, TEC, CaCO3, Ca, and NO3 content of soils.  
The western terrace/badlands/Arch Point sites in the upper left are associated with high heat 
load and high soil P, Na, K, S, pH, NH4, and some trace elements. 
 
 
DISCUSSION 
 
     Post-grazing cover trends are significantly different among some species, and a given 
species’ trend is generally consistent across all transects and plant community types in which 
it occurs.  Most species that increased significantly are native; decreasers are a mix of native 
and exotic species.  
    The majority of native species that increased in cover are shrubs.  Significant increases 
were seen in Coreopsis gigantea, Baccharis pilularis, and some nitrogen-fixing shrubs on 
San Miguel, as predicted, but Eriogonum giganteum was the only native woody species that 
increased on Santa Barbara Island.  Its congener on San Miguel, E. grande v. rubescens, also 
increased.  This genus appears to be a successful early colonizer on damaged lands.  Stylinski 
and Allen (1999) found that the common mainland buckwheat E. fasciculatum, along with a 
Baccharis species, were the only native shrubs that colonized heavily damaged southern 
California scrub communities after cessation of anthropogenic disturbance.  
 89
    Most other native woody species on both islands decreased or had no significant trend.  
The relationship between species traits and temporal trends will be explored in Chapter 2, but 
generally it appears that native woody species that increased are those with observed ability 
to colonize exotic grasslands and those with traits that allow colonization of low-nutrient 
substrates such as sand and sea cliffs.   
    Although nitrogen-fixing shrubs on San Miguel generally increased, the trend was less 
consistent than expected: Lupinus albifrons increased only on relevés, Lotus increased only 
on transects, and Astragalus miguelensis showed an insignificant trend on both.  I expected a 
stronger positive trend because recent and older aerial photographs show that many areas 
now dominated by these shrubs were previously bare ground.  Possibly the nitrogen-fixers 
experienced their greatest expansion in the 7-year gap between the removal of grazers and 
initiation of vegetation monitoring, or even in the latter decades of grazing after stocking 
rates were reduced.  
    Both native vines, Marah macrocarpus and Calystegia macrostegia, decreased 
significantly on San Miguel transects; possibly their niches overlap with the exotic subshrub 
Carpobrotus, which has a prostrate, spreading habit and is increasing significantly on 
transects.  Native shrubs Ambrosia chamissonis and Malacothrix incana and the native 
annual herb Lupinus succulentus are all colonizers of sand dunes and other open sites; their 
decline on San Miguel may be due to competition from nitrogen-fixing shrubs and/or 
Carpobrotus, or loss of habitat as sand dunes and other open sites created by grazing-induced 
erosion stabilize and revegetate.  The decline of native cacti Opuntia littoralis on San Miguel 
and O. prolifera on Santa Barbara may be an equilibration following removal of herbivores; 
Opuntia is well-known to increase in cover under grazing pressure.  However, O. littoralis 
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increased significantly on Santa Barbara; one transect had to be abandoned because the 
increase in O. littoralis cover made it impassable.  Other declining native woody species on 
both islands share few obvious commonalities.  
    Artemisia californica, the dominant species of coastal sage scrub on San Miguel, exhibits a 
large decline on transects; apparently it is being replaced by other native species such as 
Baccharis pilularis and Nasella pulchra.  This apparent decline should be interpreted with 
caution due to small sample size, although the relative rarity and small size of stands is one 
reason there are so few coastal sage scrub transects on San Miguel.  A. californica had no 
significant trend on San Miguel relevés.  A. nesiotica, its counterpart on Santa Barbara 
Island, is fairly rare and does not occur on transects. 
    Among herbaceous and graminoid species on both islands, significant decliners were 
mostly exotic and increasers were mostly native.  An exception was Bromus hordeaceous, 
which increased on San Miguel; all other exotic grasses decreased or had no significant trend 
on either island.  No native herbs decreased on either island except the previously noted 
Lupinus succulentus on San Miguel.  Declining exotic herbs on both islands were nearly all 
halophytes or species such as Medicago polymorpha, Melilotus indica, and Erodium 
cicutarium that are strongly associated with grazing disturbance.  Presumably termination of 
grazing disturbance reduced their competitive advantage over species less adapted to grazing.   
    As predicted, exotic taxa associated with saline disturbed areas declined significantly on 
San Miguel (Hordeum murinum) or on both islands (Atriplex semibaccata, 
Mesembryanthemum spp), possibly indicating decreased soil salinity following grazing 
cessation.  The large decline in Hordeum murinum on San Miguel (Tables 1.5 and 1.8) is 
supported by photo evidence that large areas of native plant communities were dense stands 
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of H. murinum as recently as the late 1970s.  Native halophytes displayed a more equivocal 
response: Suaeda taxifolia decreased on Santa Barbara and Atriplex californica decreased on 
both islands’ transects, but the saltgrass Distichlis spicata increased on San Miguel relevés.   
    Testing for a significant random island effect among species that occur on both islands and 
among lifeform guilds found few significant differences in temporal cover trends between the 
two islands.  The northern islands, including San Miguel, have a cooler, wetter climate than 
Santa Barbara and the other southern islands, and are floristically more similar to mainland 
coastal California to the north, while the southern islands have more xeric affinities 
(Philbrick and Haller 1995).  That temporal trends following release from grazing are similar 
between the two islands despite climatic, floristic, and edaphic dissimilarities suggests trends 
might be generalizable to other Channel Islands and similar mainland systems. 
    Comparison of Sorenson dissimilarity indices for San Miguel relevés and transects 
revealed no evidence that the permanent monitoring transects are underestimating vegetation 
change; to the contrary, significantly greater change over time was found on the transects.  
This is unlikely to be simply an artifact of the transect method’s higher resolution in 
estimating species cover, as species presence/absence data produced a similar result.  The 
greater degree of change found on transects was despite a slightly shorter measurement 
period (18 years vs. 19 years for relevés).   
    The difference may be due to the sampling methods– specifically, greater possible 
interannual volatility in the transect method.  In the relevé method, the plot is systematically 
searched for all species present; on the transects, the interception of species at each point may 
be a much more stochastic process, resulting in greater year-to-year variability.  It is possible 
the transect method overestimates the degree of change on the landscape, and the relevés are 
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a better representation of actual change.  The smaller change on relevés may also be at least 
partly due to underrepresentation of sand dune sites, which generally have high dissimilarity 
indices.   
    A portion of the dissimilarity between 1983/84 and 2002 samples is likely due to 
differences in precipitation: the 1983 water-year (July 1982 through June 1983) had nearly 
twice the 30-year average precipitation and 1984 was an average year preceded by a high-
precipitation year, while 2002 was a drought year.  Although values of the Sorenson 
dissimilarity indices are probably inflated by the difference in precipitation between the two 
sample periods, it should not substantially affect comparisons between sample types, as 
transects and relevés should have been similarly affected. 
    In NMS ordinations, exotic grasslands tend to cluster separately from other plant 
communities, but beyond that broad categorization, transects tend to group more by physical 
environment than by community type, even though the latter was the criterion for selecting 
transect locations (Halvorson et al. 1988).  San Miguel transects group largely by substrate 
type and to a lesser extent, site xericity.  Santa Barbara transects tend to group by geographic 
area, such as the eastern and western terraces and the Arch Point region.  Ordinations of 
recent cover data and of multiple years of data produced similar results, indicating that the 
same environmental gradients are important both for current vegetation and changes in 
vegetation composition over the monitoring period.  
    Correlation of environmental variables with vegetation composition supports field 
observations of the affinity between exotic grasslands and fine-grained soils and between 
native scrub communities and coarse substrates.  Soil texture and related parameters such as 
soil drainage and bulk density are the strongest and most consistent correlates with 
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vegetation composition.  This was true even for Santa Barbara Island, which lacks San 
Miguel’s wide range of soil textures.   
    Major cations and their base saturation percents also correlate consistently with vegetation 
composition and co-vary with soil texture.  Calcium is associated with sandy soils while 
magnesium, potassium, and sometimes sodium are associated with fine-grained soils.  An 
experimental approach would be required to disentangle the effects of cations and soil texture 
and assess whether either or both have a causative relationship with species composition, but 
the stronger, more consistent correlation of soil texture parameters suggests they may be 
driving the relationship with species composition.  
     Other soil chemistry parameters that generally have a positive association with sites on 
coarse-grained substrates are pH, total cation exchange capacity (TEC), and on San Miguel 
transects only, boron and CaCO3.  Clayey soils typically have higher TEC than sandy soils; 
on the islands, TEC’s positive association with sandy soils is probably due to their higher 
lime concentrations and pH.  High TEC is common in alkaline soils because high pH 
promotes pH-dependent charges on soil colloids (Brady and Weil 2002).  Trace elements 
other than boron, particularly manganese, are positively associated with sites on fine-grained 
soils.  
     Some mainland studies of Mediterranean-climate scrub communities have found that 
exotics outcompete native perennials on high-nutrient sites, particularly high-nitrogen sites 
(Hoopes and Hall 2002, Allen et al. 2002), but in my ordinations nutrients did not correlate 
as strongly or consistently with ordination axes as soil texture and major cations.  Estimated 
nitrogen release (ENR) correlates weakly to moderately with sandy soils in some ordinations 
and with fine-grained soils in others, showing no consistent association with species 
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composition or other environmental parameters.  Sulfur tends to associate with sites on 
coarse-grained soils.  On Santa Barbara Island, the association of high phosphorus and pH 
with western terrace, Arch Point, and badlands transects is probably due to the abundant 
guano in these areas from nesting sea gulls.  
     San Miguel and Santa Barbara transects also sort on a salinity gradient, based on EC, 
sodium, and chloride.  These parameters are generally associated with sites with high percent 
bare ground: west end caliche sites on San Miguel, and Arch Point sites on Santa Barbara.  
Arch Point and probably the San Miguel caliche sites are subject to salt spray.  
    Heat load is another environmental gradient on both islands.  On San Miguel it is 
associated with exotic grasslands and coastal sage scrub, the latter of which occurs on south-
facing slopes.  On Santa Barbara heat load is associated primarily with western terrace sites, 
a counterintuitive result for anyone familiar with the island; this illuminates a possible 
shortcoming of the index used.  The index formula assumes west-facing slopes are warmer 
because they receive afternoon insolation, but in many parts of the Channel Islands the 
opposite may be true because of prevailing cool northwest winds (Philbrick and Haller 1995).  
The islands’ east sides, in the lee and facing warmer waters of the California Eddy, are often 
warmer and sunnier than the west sides.  The heat load index appears to function as intended 
with respect to south- vs. north-facing slopes, but may be misleading for west- vs. east-facing 
slopes on the islands.  
    On both islands sites tend to sort to some extent by xericity, as indicated by heat load for 
north- vs. south-facing slopes, with native communities associated with more mesic sites and 
exotic grass cover associated with warmer, drier sites.  Repeat photography, particularly on 
Santa Barbara Island, provides qualitative evidence of this association, showing much greater 
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native plant colonization on north-facing gully slopes while the opposite slopes are generally 
dominated by exotic grasses. 
   The apparent affinity of native communities other than coastal sage scrub for both mesic 
sites and coarse-grained, well-drained substrates (typically thought of as xeric from a plant’s 
perspective) may seem contradictory.  However, Wells (1962) notes that in climates with 
long summer droughts, fine-grained soils are effectively more xeric than coarser-grained 
ones due to higher evaporative loss of moisture retained in surface soils.  This effect would 
be compounded in the presence of exotic annual grasses.  A well-drained site may provide 
more soil moisture for deeper-rooted native perennials than a fine-grained, less permeable 
soil where shallow-rooted annuals can more thoroughly deplete moisture retained in surface 
soils.  This has been proposed as a mechanism by which exotic annual grasses outcompete 
native perennials in Mediterranean-climate communities, where annuals die early in the long 
summer drought and are not disadvantaged by early soil moisture depletion (e.g. Kirkpatrick 
and Hutchinson 1980, Hobbs 1983, Vila and Sardans 1999).  In an experimental study, 
Eliason and Allen (1997) found that Artemisia californica seedling germination, growth, and 
survivorship were suppressed in the presence of exotic annual grasses and that the likely 
mechanism was competition for soil moisture rather than for nutrients.  Similar conclusions 
were reached in other experimental competition studies with exotic grasses and native woody 
species (e.g. Gordon et al. 1989, Melgoza et al. 1990). 
    The vegetation history index was positively associated with native woody communities on 
San Miguel transects, particularly those on sandy sites, and negatively correlated with 
grasslands.  A high index represents a site on which vegetation cover has increased 
substantially since 1929; a low value generally represents sites that have had moderate to 
 96
dense vegetation the entire time period.  This suggests that native woody communities have 
colonized most extensively on areas made barren by grazing-induced erosion and sand 
migration, rather than colonizing existing exotic grasslands.  Vegetation history was not a 
significant variable on the San Miguel relevés, possibly because I was able to reliably 
relocate only one relevé on an inland dune complex due to shifting topography since 1983.  
Inland dune complexes are better represented among transects, which are monumented for 
relocation.  This sampling bias may also explain why soil texture correlations with species 
composition were stronger for San Miguel transects than relevés.   
 
 
CONCLUSIONS 
 
    Temporal cover trends since release from grazing differ among plant species, and a given 
species’ trend is generally the same regardless of the plant community or even the island on 
which it occurs.  Successful native colonizers include taxa that have been observed to 
colonize anthropogenically damaged, recovering lands in similar mainland systems, and taxa 
with traits such as nitrogen fixation that are advantageous in an environment where much 
topsoil has been lost to grazing-induced erosion.  Some declining species also share traits  
such as salt tolerance or a tendency to increase under grazing disturbance.  This suggests that 
analyzing traits of successful and unsuccessful species will be a useful approach to 
understanding the causes of differential recovery of native plant communities on lands 
released from grazing.  The relationship between species traits and post-grazing cover trends 
is explored in the next chapter.     
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    The strong correlation between soil texture and vegetation composition suggests that 
competition for soil moisture is an important mechanism by which exotic grasslands maintain 
dominance even after the removal of grazing disturbance.  Alternatively, soil chemistry, 
particularly major cations, may be an important control on species composition, and soil 
texture merely covaries with chemistry.  However, the soil moisture hypothesis is bolstered 
by the association between site xericity and species composition in this study and by 
experimental evidence from other studies.  Native perennial colonizers appear to be at 
greatest advantage on sites where well-drained soils or rocky, fractured substrates such as 
erosion pavements allow more percolation to deeper rooting zones, and where site aspect and 
topography result in relatively lower moisture stress.  An experimental approach to evaluate 
causative relationships and the relative importance of soil texture and chemistry is beyond 
the scope of this study, but would further understanding of controls on native plant recovery.     
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CHAPTER 2:  CAN INVASIVENESS AND INVASIBILITY THEORY EXPLAIN 
NATIVE PLANT RECOLONIZATION FOLLOWING GRAZING CESSATION? 
 
 
INTRODUCTION 
 
    The widespread problem of biological invasions has prompted development of predictive 
theories of invasiveness of introduced species and invasibility of communities and 
ecosystems.  Bazzaz (1986), Rejmanek and Richardson (1996), and others proposed that 
invasive species share certain attributes, primarily ruderal (r-selected) life history strategies 
(Pianka 1970).  Attempts have also been made to generalize characteristics of environments 
that affect their relative susceptibility to exotic plant invasion (Levine and D’Antonio 1999, 
Lonsdale 1999, Rejmanek 1999, Mack et al. 2000, Stohlgren et al. 2003).  Ability to predict 
which species are likely to become invasive if introduced and which communities or systems 
are most vulnerable to invasion has obvious utility in the control of biotic invasions.   
    These predictive theories have been primarily developed and tested on exotic invasions, 
which are often regarded as a distinct phenomenon from native plant colonizations.  
However, Huston (1994), Levine and D’Antonio (1999), and Davis et al. (2000) noted that 
the same basic processes control both exotic invasions and native plant colonizations.  If 
invasiveness and invasibility theories were found applicable to native plant recolonization 
following cessation of anthropogenic disturbance that favored exotic species, the predictive 
capability would aid development of restoration goals and strategies.    
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    Invasiveness has been linked to r-strategist traits that promote high population growth rates 
and productivity, as opposed to K-strategist traits that maximize resource use efficiency.  
Much of the work on trait-based prediction of invasiveness has focused on woody plants.  
Rejmanek and Richardson (1996) found that small seed mass, a short juvenile period, and 
frequent large seed crops predicted invasiveness in Pinus species.  Ability to colonize a 
variety of habitats is a typical component of invasiveness; Reichard and Hamilton (1997) 
found that specialized germination requirements were associated with non-invasiveness in 
woody species, because such requirements would be disadvantageous in some environments.  
The often interrelated traits of high growth rate, short juvenile period, and short lifespan have 
been associated with invasiveness in woody species (Bazzaz 1986, Rejmanek 1999).  
    On the Channel Islands, certain native woody species appear to recover more readily than 
others when grazing pressure is removed (Halvorson 1994), a phenomenon also noted in 
mainland studies (e.g. Hobbs and Mooney 1986, Stylinski and Allen 1999).  Common native 
recolonizers such as Baccharis pilularis and Coreopsis gigantea tend to be ruderal, with high 
growth rates, small, abundant seeds, and frequent large seed crops.  In this chapter I test my 
expectation that native species with invasive traits experienced significantly greater increases 
in cover in the post-grazing environment on San Miguel and Santa Barbara Islands compared 
to native species lacking these traits.  I focus on woody species because they are the 
dominants in nearly all native communities on the two islands.  
     In Chapter 1 I found differences in response to grazing cessation among exotic species as 
well.  While many exotic species have maintained dominance despite lack of grazing 
disturbance, other exotics, notably halophytes, have declined.  In this chapter I test whether 
exotic halophytes and non-halophtyes differ significantly in cover trend.  Any 
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correspondence between exotic species’ traits and cover trends may provide insight to 
changing conditions in the post-grazing environment. 
    Much work on invasibility has focused on Elton’s (1958) hypothesis that native 
biodiversity confers resistance to invasion.  Theoretical models (Robinson and Valentine 
1979, Post and Pimm 1983) and small scale experiments (e.g. Tilman 1997, Knops et al. 
1999) lent support to the Eltonian concept, but the hypothesized negative relationship 
between native and exotic diversity or richness is increasingly being challenged as a scale-
dependent phenomenon that does not hold at larger scales.  Large-scale observational studies 
(Lonsdale 1999, Brown 2002, Stohlgren et al. 2003) and a synthetic review (Levine and 
D’Antonio 1999) cite evidence for a positive relationship between native richness and 
invasibility.  The authors suggest the positive correlation occurs because certain site 
characteristics (high resource availability, high habitat heterogeneity, frequent disturbance) 
promote both native and exotic richness.   
    Other authors agree that invasibility is ultimately controlled by extrinsic factors rather than 
intrinsic community characteristics such as species richness, but argue that this does not 
necessarily result in a consistent relationship between native and exotic richness, even at 
larger scales.  Davis et al. (2000) propose that invasibility is primarily related to resource 
availability and that there is no general relationship between native and exotic richness; any 
apparent relationship at a given site is due to covarying extrinsic factors.  Hierro et al. (2004) 
suggest that contradictory results among studies of native vs. exotic richness are only 
partially explained by scale dependency; they note that many studies did not control for 
covarying extrinsic factors such as resource availability, and those that did found the 
environmental factors explained invasibility better than did richness.   
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    In this chapter I test the Eltonian hypothesis by characterizing the relationship between 
native and exotic richness on the two islands.  I use time-series data to test whether native 
richness at the initiation of monitoring predicts recent native and exotic richness.  Because 
foliar cover is another indicator of invasion (Stohlgren et al. 2003), I also evaluate the 
relationship between initial native richness and native and exotic cover.   
    I also assess the relationship between site environment and exotic richness and cover, and 
whether this explains more of the variance in exotic richness and cover than does initial 
native richness.  I use soil texture as the environmental variable because ordinations (Chapter 
1) suggest it is the most important environmental gradient at my study sites.  Water is a major 
limiting factor for Mediterranean-climate vegetation, and soil texture strongly influences soil 
moisture relations.  Soil texture appears to influence the proportion of native and exotic 
cover, with native cover higher on coarse-grained soils and exotic species more dominant on 
finer soils.  I expect to find that soil texture is a better predictor of exotic richness and cover 
than initial native richness.  
    Assessing whether invasiveness and invasibility theory can predict native plant recovery 
following anthropogenic disturbance has implications for restoration planning.  Ability to 
predict species likely to recolonize spontaneously would aid restoration prioritization and 
strategies.  It would help evaluate whether restoration goals are likely to be achieved via 
passive restoration, or if active intervention will be needed to gain the desired complement of 
native species and communities.  Prioritization of restoration interventions would also be 
aided by trait-based prediction of post-disturbance response among exotic species.  A better 
understanding of factors controlling invasibility will aid restoration planning and increase 
ability to predict future exotic invasions.   
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METHODS 
 
Trait selection and data compilation 
 
    Traits most consistently associated with invasiveness, particularly for woody invaders, 
include small seed mass, frequent large seed crops, long-distance seed dispersal, high growth 
rate/short juvenile period, and short lifespan (Grime 1974, Bazzaz 1979, Hobbs and Mooney 
1986, Rejmanek and Richardson 1996, Rejmanek 1999).  Small seed mass presumably 
represents a reproductive strategy of abundant, widely dispersed propagules. Short lifespan 
tends to be associated with high growth rates and short period to reproductive maturity. 
    Reichard and Hamilton (1997) and Rejmanek (1999) also suggested that easy 
germinability is a trait of invasive species.  In Mediterranean-climate ecosystems, some plant 
species are fire-adapted and have refractory seeds, requiring exposure to heat (from fire or 
from insolation on newly exposed sites), charate, light, or other fire-related stimuli to break 
dormancy.  Other species have no germination cues other than imbibation, and some species 
have dimorphic seed pools with a mix of refractory and non-refractory seeds (Christensen 
and Muller 1975, Keeley 1991, Odion 2000).  If easy germinability is an invasive trait that 
promotes recolonization of native species on the Channel Islands, species with non-refractory 
seeds should experience the most recovery and those with refractory seeds the least; species 
with dimorphic seeds would have an intermediate response.       
    I compiled data on these six traits for 23 of the 24 native woody species on the San Miguel 
and Santa Barbara Island monitoring transects, from the literature and consultation with 
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native plant nurseries (Table  2.1).  Opuntia prolifera, a woody native on Santa Barbara 
Island transects, was excluded: analysis of its seed-related traits is not meaningful because it 
reproduces almost exclusively vegetatively (Mayer and Williams 2000), and little species 
information is available on the other traits of interest.  Taxonomic nomenclature follows the 
USDA Plants database (USDA NRCS 2001). 
    Seed mass was the only trait for which quantitative data were available for most species.  
The other five traits were treated as ordered-categorical variables, because limiting analysis 
to those species for which quantitative data were available would yield insufficient sample 
size.  Categorization of species having only qualitative data for a particular trait was 
calibrated through comparison with species with quantitative trait data.   
    I also wanted to evaluate the predictive ability of traits that could be advantageous 
specifically in the post-grazing environment of the Channel Islands, for comparison with the 
predictiveness of general ruderal traits of invasiveness theory.  Root depth may be an 
important factor affecting competition with exotics for soil moisture in Mediterranean-type 
systems.  Some native woody species have a deep taproot while others have shallow, 
predominantly fibrous root systems.  The latter trait may be disadvantageous in competition 
with shallow-rooted annual exotics for soil moisture (D’Antonio and Mahall 1991).  I 
compiled root depth data from the literature (Table 2.2) and categorized native woody 
species binomially as having either a shallow, primarily fibrous root system or a deep 
taproot.   
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Table 2.1.  Reproductive and life history traits of native woody species on San Miguel and Santa Barbara Island transects.  Dashes 
indicate unavailable data. 
 
 
Seed Seed crop Dispersal Germination Growth 
Species mass, mg size/frequency1 distance2 requirements3 rate4 Lifespan5 
Ambrosia chamissonis 11.3  (6) 4  (7, 8) 4  (8)  - 4  (9) 1  (9) 
Artemisia californica 0.08  (10, 11) 4  (8,  12)  1.5  (10, 12, 13) 2  (13) 3  (12, 14) 3  (15, 16) 
Astragalus miguelensis - - 1  (17) - - - 
Atriplex californica 8.9  (18) 4  (18) - 2  (18) 4  (18) - 
Baccharis pilularis 0.07  (13, 19) 4  (8) 3  (8, 13) 3  (13,  20) 4  (13, 20, 21) 2  (13, 22) 
Castilleja lanata ssp. hololeuca - - - 3  (23) - - 
Calystegia macrostegia v. amplissima 8.1  (10) 2  (8, 24) 1  (10) 2  (25) - - 
Calystegia macrostegia s. macrostegia 8.1  (10) 2  (8, 24) 1  (10) 2  (25) - - 
Coreopsis gigantea 1.5  (6) 4  (8) 3  (8,  26) - 4  (24, 27) 2  (28) 
Eriophyllum confertiflorum 0.23  (11, 18) 4  (18) 1.5  (10) 2  (23, 29) 4  (18) 2  (30, 31) 
Eriogonum giganteum v.compactum (32) 1.2  (6, 10) 4  (12) 1.5  (10, 11, 12) 2  (33, 34) 3  (12, 35) 3  (31) 
Eriogonum grande v. rubescens  (32) 1.2  (6, 10) 4  (12) 1.5  (10, 11, 12) 2  (33, 34) 3  (12, 35) 3  (31) 
Frankenia salina 0.15  (6) 4  (18) - 2  (18) 4  (18) - 
Hemizonia clementina - 4  (8, 24) 3  (8) - - - 
Isocoma menziesii 0.42  (10, 19) 4  (8, 24) 3  (10, 19) 3  (10) - 2  (36) 
Lotus dendroideus v. dendroideus  (37) 1.9  (10, 19) 3  (12) 1  (10) 1  (29) 4  (35, 38) 1  (31, 38) 
Lupinus albifrons  27.5  (6, 18) 1  (39) 1  (17) 3  (23) 3  (18) 1  (40, 41) 
Lupinus arboreus  33.5  (6, 18) 1  (39) 1  (17) 3  (23) 4  (18, 40, 41) 1  (40, 41) 
Lycium californicum  (42) 82.5  (6) 2  (8, 24) 4  (13) - 2  (43) 4  (13) 
Malacothrix incana  (44) 0.11  (6, 10) 4  (8, 24) 1  (8) 3  (45) 4  (46) - 
Malacothrix saxatilis v. implicata 0.17  (6) 4  (8, 24) 1  (8) - - - 
Opuntia littoralis  (47) 30.2  (6) 2  (8, 24) 4  (13) - 1  (13) 3  (13) 
Suaeda taxifolia  (48) 0.68  (19) 4  (18) - 2  (18, 49) 4  (18) - 
 
11 = small seed crops with high interannual variability in production; 2 = small to moderate seed crops most years;  3 = large seed crops most years 
but seed crops substantially reduced by drought; 4 = large seed crops most years.  
 
21 = auto-dispersed seeds (short distances); 2 = wind-dispersed seeds; 3 = wind-dispersed seeds with specializations such as beaked or winged 
achenes that enhance dispersal distance;  4 = potentially long-distance dispersal by animals (primarily birds). 
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31 = has polymorphic seed pool with mix of refractory and non-refractory seeds; 2 = seeds are predominantly or entirely non-refractory, but 
germination rates are enhanced by light or heat; 3 = seeds readily germinate with imbibation only.  None of the species have entirely refractory 
seed crops. 
  
4Based on relative growth rates and/or length of time to reproductive maturity.  1 = very slow; 2 = slow; 3 = moderate; 4 = fast. 
 
5Typical (not maximum) lifespans.  1 = very short (<10 years); 2 = short (10-19 years); 3 = moderate (20-25 years); 4 = long (>25 years).  In some 
cases, lifespan was estimated or inferred based on comparisons with species with quantitative lifespan data. 
  
6S & S Seeds 2004. 
 
7DeJong 1979. 
 
8Hickman 1993. 
  
9USDA Natural Resource Conservation Service 2001; based on data for similar congeners. 
 
10Keeley 1991. 
  
11Wells 1962. 
 
12DiSimone and Zedler 2001. 
 
13USDA Forest Service Fire Effects Information System 2005. 
 
14Gray 1983. 
 
15Las Pilitas Nursery 2004. 
 
16Keator 1994. 
 
17Presumed auto-dispersed because of large, inedible (toxic) propagules. 
 
18Heimbinder, E., pers. comm. 
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19Ransom Seed Laboratory 2003. 
 
20Hellmers and Ashby 1958. 
 
21Hobbs and Mooney 1985. 
 
22Hobbs and Mooney 1987. 
 
23Elkhorn Slough Foundation 2001.  Data based on similar congeners. 
 
24Personal observation. 
 
25Tyler 1995. 
 
26Schiffman 1997. 
 
27Unpublished National Park Service data, Channel Islands National Park. 
 
28Salas 1990. 
 
29Christensen and Muller 1975. 
 
30Mooring 1994. 
 
31Zedler 1994. 
 
32Data (except for growth rate) based on the similar congener Eriogonum fasciculatum. 
 
33USDA Forest Service International Institute of Tropical Forestry 2003. 
 
34Kirkpatrick and Hutchinson 1980. 
 
35Theodore Payne Foundation 2005. 
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36Louda 1994. 
 
37Data are for Lotus scoparius, a closely related species formerly considered taxonomically equivalent (Hickman 1993). 
 
38Steppan 1991. 
 
39Shedron and Weiler 1982.  Data are for the genus Lupinus. 
 
40Maron and Jeffries 1999.  Lifespan for Lupinus albifrons presumed similar to L. arboreus. 
 
41Davidson and Barbour 1977.  Lifespan for Lupinus albifrons presumed similar to L. arboreus. 
 
42Data are for the genus Lycium and similar congeners. 
 
43Kleffner 2001. 
 
44Seed mass averaged from data for Malacothrix saxatilis and M. clevelandii with similar-sized propagules. 
 
45Davis and Junak 1987. 
 
46Davis 1980. 
 
47Dispersal distance, growth rate, and lifespan data are for the genus Opuntia or similar congeners. 
 
48Data are for Suaeda californica, a closely related species formerly considered taxonomically equivalent (Hickman 1993). 
 
49Young 2001. 
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    Some native woody species of Mediterranean-type systems have leaves that abscise or 
severely wilt in the long summer drought.  This drought-avoidance strategy may be 
advantageous to recolonizing native plants competing for soil moisture with exotic, primarily 
annual (drought-escaping) species on the islands.  Based on the literature and personal 
observation, I classified native woody species as either drought-deciduous or evergreen 
(Table 2.2).  I omitted Opuntia littoralis from this analysis because, as a succulent, it has a 
different drought-coping strategy.   
 
 
Table 2.2.  Root depth and leaf longevity of native woody species on San Miguel and Santa 
Barbara Island transects.  Dashes indicate unavailable data. 
 
 
Root Leaf 
Species depth1 longevity2 
Ambrosia chamissonis D (3) E (4)  
Artemisia californica S (5, 6, 7) E (8) 
Astragalus miguelensis - E (9) 
Atriplex californica - E (10) 
Baccharis pilularis D (11, 12, 13) E (10, 13) 
Castilleja lanata ssp. hololeuca - E (9, 14) 
Calystegia macrostegia v. amplissima S (15) DD (9, 10) 
Calystegia macrostegia s. macrostegia S (15) DD (9, 10) 
Coreopsis gigantea - DD (9, 16) 
Eriophyllum confertiflorum S (15) DD (9) 
Eriogonum giganteum v.compactum S (5) E (9, 10, 14) 
Eriogonum grande v. rubescens S (5) E (9, 10, 14) 
Frankenia salina - DD (10) 
Hemizonia clementina - E (9) 
Isocoma menziesii S (17) E (9, 14) 
Lotus dendroideus v. dendroideus S (5) DD (9, 10, 18) 
Lupinus albifrons  D (19) E (9, 10) 
Lupinus arboreus  D (19, 20) E (9, 10) 
Lycium californicum S (21) DD (9, 10) 
Malacothrix incana  S (22) E (9) 
Malacothrix saxatilis v. implicata - E (9) 
Opuntia littoralis S (13, 16) N/A 
Suaeda taxifolia - E (9) 
 
1D = deep taproot, generally at least 1 m deep.  S = shallow root system, generally fibrous, typically 
concentrated in the upper ½ m of the soil profile. 
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2E = evergreen.  DD = drought-deciduous: leaves typically wilt or abscise during the summer drought 
most or all years, not just in extreme drought events. 
  
3DeJong 1979. 
 
4DeJong (1979) refers to the species as “semi-deciduous”, but unpublished National Park Service  
data and personal observation indicate that, on the islands, most leaves are retained most years. 
 
5Hellmers et al. 1955. 
 
6Kirkpatrick and Hutchinson 1980. 
 
7Eliason and Allen 1997. 
 
8The species is sometimes described as drought-deciduous or facultatively drought-deciduous (e.g. 
Junak and Bornstein 1997, DiSimone and Zedler 2001), but it has seasonally dimorphic leaves, with 
the smaller leaves typically retained throughout the dry season (Westman 1981a, Eliason and Allen 
1997, USDA Forest Service 2005, pers. observ.).  I chose to consider this as more similar to an 
evergreen condition, because leaves (albeit smaller) are present throughout the dry season; the plant is 
not dormant. 
  
9Unpublished National Park Service data and personal observation. 
 
10Las Pilitas Nursery 2004. 
 
11Hellmers and Ashby 1958. 
 
12Hobbs and Mooney 1985. 
 
13USDA Forest Service 2005. 
 
14Junak and Bornstein 1997. 
 
15Keeley 1991. 
 
16Hickman 1993. 
 
17D’Antonio and Mahall 1991. 
 
18CalPoly Land Project 2004. 
 
19Heimbinder, E., pers. comm. 
 
20Davidson and Barbour 1977. 
 
21USDA Forest Service 2005, based on generic data. 
 
22Davis and Junak 1987. 
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    I wanted to consider two additional traits for system-specific importance: nitrogen-fixation 
and ability to crown-sprout.  Nitrogen fixation could be advantageous on the islands’ highly 
eroded and sandy substrates.  Crown-sprouting following fire or grazing can utilize stored 
resources in the rootstock, allowing faster recolonization than by seeding alone (Keeley and 
Keeley 1984).  However, there was insufficient variability among species to test for 
differences in cover trends: only 4 of the 23 native woody species are nitrogen-fixers, and of 
the 14 species for which information is available on crown-sprouting ability, only 2 are non-
sprouters. 
    To test whether salt tolerance affects exotic species’ cover trends, 20 exotic species on the 
two islands’ transects were classified as halophytes (highly salt-tolerant) or non-halophtyes 
(Table 2.3).  Exotic woody species, graminoids, and forbs were included in the analysis 
because all three lifeforms are represented among important and widespread exotic species 
on the islands.  Ten exotic species were excluded from analysis because available 
information about their salt tolerance is inadequate.  Nine of the 10 omitted species are of 
low importance (not widespread and have minimal cover values); only Carpobrotus chilensis 
is common on San Miguel Island.  Although C. chilensis can occur in beach habitats, it 
cannot be assumed to be highly salt-tolerant; some common beach taxa have been found 
experimentally to be salt-intolerant (Barbour and DeJong 1977).  Three species included in 
the analysis, Medicago polymorpha, Melilotus indicus, and Polypogon monspeliensis, are 
reported by some sources as slightly to moderately salt-tolerant (Macdonald 1977, Wilken 
and Hannah 1998).  Because all three have negative cover trends, I classified these 
intermediate species as non-halophytic, a conservative approach when testing the hypothesis 
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that salt-tolerant exotic species will have declining cover trends relative to salt-intolerant 
species.    
 
 
Table 2.3.  Salt tolerance of exotic species on San Miguel and Santa Barbara Island transects.  
Exotic species with uncertain or unknown salt tolerance status are omitted.  
 
 
Species Halophyte (Y/N) 
Atriplex semibaccata Y (1, 2) 
Avena spp N (2) 
Bromus diandrus N (2) 
Bromus hordeaceous N (2) 
Bromus rubens N (2) 
Cakile maritima Y (3) 
Erodium cicutarium N (4) 
Erodium moschatum N (4) 
Galium aparine N (5) 
Hordeum murinum Y (6, 7) 
Lamarckia aurea N (8, 9) 
Malva parviflora Y (7) 
Medicago polymorpha  N (1) 
Melilotus indicus N (1, 2) 
Mesembryanthemum crystallinum  Y (7, 10) 
Mesembryanthemum nodiflorum Y (1, 2) 
Polypogon monspeliensis N (1, 5) 
Sonchus oleraceus N (2, 9) 
Stellaria media N (8, 9, 11) 
Vulpia myuros  N (5, 9) 
 
1Macdonald 1977. 
 
2Wilken and Hannah 1998. 
 
3Barbour and DeJong 1977. 
 
4USDA Forest Service 2005. 
 
5USDA Natural Resource Conservation Service 2001. 
 
6Brooks 1980. 
 
7Donlan et al. 2003. 
 
8Hickman 1993. 
 
9Personal observation of species habitat. 
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10Vivrette and Muller 1977. 
 
11Oregon State University Department of Crop and Soil Science 2002. 
 
 
Data analysis 
 
    Invasiveness.  To test invasiveness theory, I assessed relationships between species traits 
and their temporal trends in percent cover on monitoring transects from 1984 through 2002.  
Transect data methodology and the estimation of temporal trends in species cover via 
multilevel regression modeling are described in Chapter 1.   
    Each trait was analyzed separately for its relationship with cover trend.  Trait data, the 
predictor variables, were not available for every trait for every native woody species, so most 
analyses used a subset of the 23 species.  Regression coefficients for the rate of change in 
species cover due to time (Tables 1.9 and 1.11) are the response variable.  In Chapter 1, 
multilevel modeling and slopes-as-outcomes analyses of combined data for both San Miguel 
and Santa Barbara Islands found that cover trends of individual taxa do not differ 
significantly between islands, so I analyzed species from both islands in a single combined 
dataset.  Sample sizes (number of species) for the individual islands, particularly Santa 
Barbara, were fairly small, so combining both islands’ species was advantageous.  For the 
three native woody species present on both islands’ transects (Atriplex californica, Coreopsis 
gigantea, and Opuntia littoralis), I used the mean of the two regression coefficients as the 
response variable.    
    I assessed normality of continuous variables via theoretical quantile plots and the Shapiro-
Wilk test.  Seed mass, the only continuous predictor variable, was log-transformed because it 
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has an approximately logarithmic distribution.  Normality of log-transformed data was 
confirmed via the Shapiro-Wilk test.  Simple linear regression tested the predictiveness of 
seed mass on cover trends.  A theoretical quantiles plot and the Shapiro-Wilk test verified the 
assumption of normality of residuals, and I verified homoscedasticity by plotting residuals 
against fitted y-values. 
    The relationship between species cover trends and the five ordered-categorical predictor 
variables was tested via non-parametric Spearman’s rank correlations.  Because rankings 
included several ties due to the small number of categories, I also computed a Pearson’s 
correlation for each trait for comparison with the nonparametric test.  
    For the binomial variable root depth, I used a two-sample t-test to determine if shallow- 
and deep-rooted native woody species have different mean cover trends.  I verified the 
assumption of equal variances via an F-test on the ratio of group variances.  I used the same 
approach to test for a different mean cover trend between drought-deciduous and evergreen 
native woody species, and between halophytic and non-halophytic exotic species.  For exotic 
species present on both islands’ transects, I used the mean of the two regression coefficients 
(temporal trends) as the response variable.  
    In addition to testing traits individually, I grouped native woody species based on a subset 
of the six traits from general invasiveness theory, and used one-way analysis of variance 
(ANOVA) to test for differences in mean cover trends among groups.  I assigned species to 
one of three groups based on seed mass, frequency of large seed crops, and growth rate.  I 
omitted lifespan because it is correlated with growth rate (Spearman’s ρ = -0.69, p = 0.014, n 
= 12); dispersal distance, because its correlation with seed mass is nearly significant 
(Spearman’s ρ = -0.49, p = 0.078, n = 14); and germinability, because its status as an 
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invasive trait is more speculative than the others.  I verified the assumption of homogeneity 
of variance among groups with Bartlett’s test (Snedecor and Cochran 1989).  A correction for 
multiple comparisons would be applied if the test was significant.  
 
    Invasibility.  To test the Eltonian hypothesis of a negative correlation between native and 
exotic richness, I correlated contemporaneous native and exotic richness on San Miguel 
relevés and transects and Santa Barbara transects.  San Miguel and Santa Barbara Islands 
host different plant communities, so transect data for the two islands were analyzed 
separately to assess whether richness relationships are consistent between islands.  I 
calculated correlations for both early and recent data to see whether relationships have 
changed over time as island vegetation responds to cessation of grazing disturbance.  
Because richness fluctuates in response to interannual precipitation variability, I used 3-year 
mean values for richness on transects: initial values are the means for 1984, 1985, and 1986 
and values for recent years are the means for 2000, 2001, and 2002.  San Miguel relevé data 
could not be averaged because plots were sampled only in 1983 and 2002.   
    Because the islands were already invaded by exotics before the initiation of vegetation 
sampling, I wanted to assess whether the relationship between native and exotic richness is 
influenced by exotic domination on some sites, by comparing correlations on native- and 
exotic-dominated sites.  I defined domination as native (or exotic) cover >2/3 of total cover.  
I pooled data from San Miguel relevés and from both islands’ transects to get sufficient 
sample size because many samples did not meet criteria for either exotic or native 
domination.  I used 2002 cover data for relevés (mid-points of cover classes) and mean 2000-
01-02 cover values for transects to classify exotic- and native-dominated sites.  Correlation of 
 122
native and exotic richness, using 2002 richness data for relevés and mean 2000-01-02 
richness values for transects, was calculated for each type of site and compared for divergent 
patterns.  If the correlation between native and exotic richness is more negative on exotic-
dominated sites than on native-dominated sites, any negative or nonsignificant correlations 
between native and exotic richness in the full datasets could be attributed to exotic 
domination of some sites.  
   To further evaluate the influence of native richness on invasibility, I used simple linear 
regression to test whether initial native richness predicts recent native and exotic richness, 
and native and exotic foliar cover (both initial and recent).  I used mean 1984-85-86 native 
richness as the predictor variable.  Elton’s hypothesis would predict a negative relationship 
between native and exotic richness.  Because foliar cover is also a measure of invasion, the 
concept would also predict negative relationships between native richness and exotic cover.   
    I used San Miguel relevé data only for a limited set of analyses, because of variable plot 
sizes in 1983.  In 2002, I resampled the same dimension plots but also sampled 100m2 
subplots within them (see Chapter 1 for field methods).  When comparing richness metrics 
on the same plot (i.e. native vs. exotic richness, or initial vs. recent richness), variable plot 
sizes are acceptable (e.g. Stohlgren et al.’s 2003 analysis of county richness data).  However, 
when correlating richness with other site metrics such as foliar cover or environmental data, 
the relative richness values between sites affect the correlation, so plots must be of the same 
size for a valid correlation.  For this reason I could only use the standard-sized 2002 San 
Miguel relevé subplots for correlations with soil texture, and could not make any across-time 
correlations because I did not have standard-size plot data from 1983.  For the same reason, I 
eliminated 6 Santa Barbara Island transects from correlations with cover and soil texture 
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because their lengths differ from the 30m, 100-point length of the other Santa Barbara Island 
transects.   
    I explored the relationship between soil texture and invasibility by correlating percent 
sand, silt, and clay with initial and recent native and exotic richness and cover.  Soil sample 
collection and analysis are described in Chapter 1.  Percent sand, silt, and clay were arcsin-
square root transformed to improve normality.   
    I used multiple regression to test my prediction that soil texture would explain more of the 
variance in exotic richness and cover than does native richness, using percent sand to 
represent soil texture.  Because the two predictor variables were correlated, I evaluated 
collinearity via variance inflation factors.     
    Scatterplots were used to check for linear relationships between variables in correlations 
and regressions.  Normality of variables and regression residuals was assessed by theoretical 
quantile plots and the Shapiro-Wilk test.  The assumption of homoscedasticity was assessed 
by plotting residuals against fitted y-values.  Pearson’s correlation coefficients are reported 
where parametric assumptions were met.  Where parametric assumptions were not met and 
could not be achieved by data transformations, I report results of Spearman’s rank 
correlation.  Statistical analyses for both invasiveness and invasibility were conducted using 
R 1.9.1 (R Development Core Team 2004) and a significance level of α = 0.05. 
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RESULTS 
 
Invasive traits and species cover trends 
 
    None of the ruderal traits of invasiveness theory significantly correlated with native woody 
species’ cover trends.  If invasiveness theory applies to native woody species’ recolonization 
on the islands, species cover trend should be inversely correlated with seed mass.  Figure 2.1 
suggests a possible inverse relationship, but the Pearson’s correlation was not significant (p = 
0.554, n = 20).  Figure 2.1 also suggests a difference in variability between small- and large- 
seeded species (although the assumption of homoscedasticity was met), with the latter having 
only neutral or negative cover trends.  I classified species as small- or large-seeded using a 
natural break between groups, such that “small” seeds were less than 2 mg and “large” seeds 
exceeded 8 mg, and used an F test to compare group variances.  The difference in group 
variances approaches significance (F = 4.200, df = 11, 7,  p = 0.068).  The large-seeded 
species’ mean cover trend was -0.49 and the small-seeded species’ was +0.02, but a t-test 
showed the difference in means was not significant (p = 0.130).   
    None of the five ordered-categorical traits correlated significantly with cover trend (Table 
2.4).  Pearson’s correlation coefficients and significance were very similar to the Spearman’s 
test results, so only the latter are presented.  I conducted two analyses of dispersal distance: 
with and without the two species with fleshy fruits (Lycium californicum and Opuntia 
littoralis).  Their propagules have potentially long dispersal distances via birds, but having 
fleshy fruits may be a confounding factor; Rejmanek (1999) suggests that fleshy fruit is a 
non-invasive trait.  Omitting the two species still produced an insignificant result.  Mean and  
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Figure 2.1.  Pearson’s correlation of native woody species’ cover trends (1984-2002) with 
species’ log-transformed seed mass in mg, San Miguel and Santa Barbara Island transects (n 
=  20).  Note that larger-seeded species have only neutral or negative trends. 
 
 
 
 
 
r = -0.14 
p = 0.554 
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median cover trends of the three trait-based groups tested by ANOVA were not significantly 
different (F= 1.258, df = 2, 15, p = 0.313; Table 2.5). 
 
 
Table 2.4.  Results of Spearman’s rank correlation of ordered-categorical traits and species 
cover trends on San Miguel and Santa Barbara Island transects.   
 
 
Trait n Expected relationship Spearman's ρ p 
Size/frequency of seed crops 21 direct 0.153 0.504 
Dispersal distance 19 direct -0.043 0.863 
Dispersal distance, no fleshy fruit spp 17 direct 0.085 0.740 
Growth rate 16 direct 0.049 0.852 
Lifespan 13 inverse 0.115 0.703 
Germinability 16 direct -0.318 0.230 
 
 
Table 2.5.  Mean and median cover trends of grouped native woody species from San 
Miguel and Santa Barbara Island transects.  ANOVA indicated differences among group 
means were not significant (F= 1.258, df = 2, 15, p = 0.313).  
 
 
Group Mean group 
cover trend 
Median group 
cover trend 
n 
1:  Species with small seed mass (<2 mg), frequent large 
seedcrops, and fast growth rate 
+0.155 +0.247 7 
2:  Species with two of the three Group-1 traits -0.465 -0.363 5 
3:  Species with large seed mass (>8 mg) and none or one 
of the other Group-1 traits 
-0.400 -0.468 6 
 
 
    Of the two system-specific traits I analyzed, only leaf longevity had a significant 
relationship with species cover trend.  As predicted, the mean cover trend of drought-
deciduous species (+0.322) was significantly greater than that of evergreen species (-0.362) 
(p = 0.029, n = 22).  The difference between group mean cover trend for shallow-rooted vs. 
deep-taprooted native woody species was insignificant (p = 0.385, n = 15). 
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    Halophytic and non-halophytic exotic species had significantly different mean cover trends 
(p = 0.004, n = 20).  Mean cover trend for halophytic exotics was -0.737, compared to -0.180 
for non-halophytic exotics.   
 
Native richness, soil texture, and invasibility 
 
    Contemporaneous native and exotic richness had no significant correlation on either island 
(Table 2.6).  The relationship between native and exotic richness was insignificant on both 
exotic- and native-dominated sites (Figures 2.2 and 2.3), although Figure 2.2 is suggestive of 
a positive relationship on exotic-dominated sites.  
 
 
Table 2.6.  Pearson’s correlations of native and exotic species richness for initial and recent 
samples from San Miguel and Santa Barbara Islands. 
 
 
n r p 
San Miguel relevés:  
1983 28 0.20 0.312 
2002 28 0.21 0.285 
   
San Miguel transects:    
initial (mean, 1984-85-86) 16 -0.36 0.177 
recent (mean, 2000-01-02) 16 -0.18 0.502 
   
Santa Barbara transects:    
initial (mean, 1984-85-86) 16 -0.083 0.760 
recent (mean, 2000-01-02) 16 0.013 0.962 
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Figure 2.2.  Correlation of recent native and exotic species richness on exotic-dominated 
sites (San Miguel relevés and transects and Santa Barbara Island transects with exotic cover 
>2/3 of total cover; n = 13).   
 
 
r = 0.26 
p = 0.391 
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Figure 2.3.  Correlation of recent native and exotic species richness on native-dominated 
sites (San Miguel relevés and transects and Santa Barbara Island transects with native species 
cover >2/3 of total cover; n = 22).   
 
 
 
 
 
r = 0.16 
p = 0.475 
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    On both islands, initial native richness had a significant positive correlation with recent 
native and total richness (Tables 2.7 and 2.8).  Initial native richness had no significant 
correlation with recent exotic richness on either island.  Initial native richness correlated 
positively with contemporaneous native cover on both islands, but did not correlate with 
initial exotic or total cover on either island.    
 
 
Table 2.7.  Simple linear regression results for the predictor variable initial native richness 
and response variables on San Miguel transects (n = 15).  Spearman’s rank correlation results 
are presented where parametric assumptions were not met.  Significant results are in bold. 
 
 
Response variable β r2 p Spearman's ρ p 
Recent native richness 0.71 0.69 <0.001   
Recent exotic richness -0.12 0.032 0.507   
Recent total richness 0.59 0.35 0.016   
      
Initial native cover 11 0.53 0.002   
Initial exotic cover -5.0 0.11 0.223   
Initial total cover 5.3 0.14 0.177   
      
Recent native cover 4.0 0.21 0.090   
Recent exotic cover -3.5 0.09 0.266   
Recent total cover1    -0.031 0.918 
 
1Nonparametric test results are reported because data are heteroscadistic. 
 
 
    On San Miguel transects, initial native richness was not significantly correlated with recent 
native, exotic, or total cover.  On Santa Barbara transects, initial native richness was 
positively correlated with recent native cover. 
 
 
 131
Table 2.8.  Simple linear regression results for the predictor variable initial native richness 
and response variables on Santa Barbara Island transects.  Spearman’s rank correlation 
results are presented where parametric assumptions were not met.  Significant results are in 
bold. 
 
 
Response variable n slope r2 p Spearman's ρ p 
Recent native richness 16 1.0 0.85 <0.001   
Recent exotic richness 16 0.022 0.0021 0.865   
Recent total richness 16 1.0 0.74 <0.001   
       
Initial native cover1 10    0.65 0.047 
Initial exotic cover 10 -15 0.16 0.245   
Initial total cover 10 -2.1 0.011 0.777   
       
Recent native cover 10 10 0.45 <0.001   
Recent exotic cover 10 -6.8 0.16 0.253   
Recent total cover 10 3.3 0.023 0.673   
 
1Nonparametric test results are reported because data are heteroscadistic. 
 
 
    Native richness and cover were positively correlated with soil sand content and inversely 
correlated with silt and clay content in many of the tests, particularly those of San Miguel 
transect data (Table 2.9).  The reverse pattern was generally found for exotic richness and 
cover.  Correlations with percent sand and clay are reported.  Figures 2.4 and 2.5 are example 
correlations fitted with regression lines.  Generally, correlations between soil texture and 
foliar cover became weaker over time, particularly on San Miguel transects. 
    For multiple regression, the degree of collinearity between the two predictor variables,  
initial native richness and percent sand, was acceptable: variance inflation factors were 1.6 
for San Miguel transects and 1.4 for Santa Barbara transects, well within the generally 
accepted criterion of <10 (Neter et al. 1996).  Percent sand was the only significant predictor 
of exotic richness and cover (Table 2.10).  Joint F-tests indicated all tests were significant 
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except those of recent exotic cover on San Miguel and recent exotic richness on Santa 
Barbara; the latter test was nearly significant (p = 0.062).  
 
 
Table 2.9.  Correlation of native and exotic richness and cover with soil texture on San 
Miguel and Santa Barbara Islands.  Results are Pearson’s correlations except as noted.  
Transect richness and cover values are 3-year means.  Significant results are in bold.  
 
 
% Sand1 % Clay1 
Correlate with soil texture  r p r p
San Miguel relevé subplots  
(n = 28) 
 
2002 native richness 0.29 0.131 -0.18 0.366
2002 exotic richness -0.42 0.028 0.30 0.125
2002 native cover2 -0.10 0.607 0.20 0.303
2002 exotic cover2 -0.10 0.608 0.060 0.760
 
San Miguel transects (n = 15)  
1984-85-86 mean native richness 0.60 0.018 -0.62 0.013
1984-85-86 mean exotic richness -0.80 <0.001 0.71 0.003
2000-01-02 mean native richness 0.69 0.005 -0.69 0.005
2000-01-02 mean exotic richness -0.61 0.016 0.59 0.021
 
1984-85-86 mean native cover 0.52 0.045 -0.55 0.035
1984-85-86 mean exotic cover -0.63 0.011 0.58 0.024
2000-01-02 mean native cover 0.28 0.310 -0.26 0.349
2000-01-02 mean exotic cover -0.27 0.332 0.28 0.325
 
Santa Barbara transects3  
(n = 10) 
 
1984-85-86 mean native richness 0.55 0.100 -0.45 0.204
1984-85-86 mean exotic richness -0.73 0.021 0.61 0.066
2000-01-02 mean native richness 0.40 0.247 -0.51 0.138
2000-01-02 mean exotic richness -0.23 0.525 0.01 0.973
 
1984-85-86 mean native cover 0.63 0.010 -0.55 0.029
1984-85-86 mean exotic cover -0.83 <0.001 0.80 <0.001
2000-01-02 mean native cover 0.34 0.194 -0.27 0.315
2000-01-02 mean exotic cover -0.70 0.004 0.65 0.007
 
1Data were arcsin-square root transformed. 
 
2Results are from Spearman’s rank correlation; nonparametric test was used because cover data are 
nonnormal. 
 
3Results are from Spearman’s rank correlation; nonparametric test was used because the variable 
percent sand was nonnormal even after transformation. 
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Figure 2.4.  Correlation of soil texture (arcsin-square root [% sand]) and recent 3-year mean 
native species richness on San Miguel Island transects (n = 15).  
 
 
 
y = 0.386 + 11.0x 
r2 = 0.47 
p = 0.005 
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Figure 2.5.  Correlation of soil texture (arcsin-square root [percent clay]) and recent 3-year 
mean exotic species cover on Santa Barbara Island transects (n = 16).  
 
 
 
 
 
y = -27.5 + 
275x 
r2 = 0.44 
p = 0.005 
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Table 2.10.  Multiple regression results for the effects of soil texture (percent sand) and 
initial native richness on exotic richness and cover, San Miguel and Santa Barbara Island 
transects.  Richness and cover values are 3-year means.  Significant results are in bold.  
 
 
 Predictor variables Joint 
 % Sand1 Initial native richness F-test 
Response variable partial β p partial β p adjusted r2 p 
San Miguel transects (n=15)  
1984-85-86 exotic richness -11 <0.001 0.13 0.351 0.62 0.001
2000-01-02 exotic richness -10 0.014 0.20 0.306 0.33 0.036
1984-85-86 exotic cover -190 0.032 1.1 0.802 0.31 0.044
2000-01-02 exotic cover -29 0.703 -2.6 0.519 -0.044 0.512
  
Santa Barbara transects (n=10)  
1984-85-86 exotic richness -13 0.005 0.35 0.197 0.63 0.013
2000-01-02 exotic richness -8.2 0.024 0.40 0.108 0.42 0.062
1984-85-86 exotic cover -400 0.009 -0.26 0.976 0.62 0.014
2000-01-02 exotic cover -210 0.001 0.74 0.815 0.78 0.002
 
1Data were arcsin-square root transformed. 
 
 
DISCUSSION 
 
Invasiveness 
 
    Results did not support the expectation that traits considered invasive would predict native 
woody species recovery on the islands.  Although the most successful native woody 
recolonizers (i.e. Coreopsis gigantea, Eriophyllum confertiflorum, Eriogonum species) 
generally have traits considered invasive, other species sharing those traits have neutral or 
declining trends.  The results could be interpreted as lack of support for the application of 
invasiveness theory to recolonization by native species, or lack of support for invasiveness 
theory per se.  Some authors have suggested that invasion is affected by many site-specific 
 136
factors, and that in systems studied to date, so many exceptions to invasive-traits theory have 
been found that its soundness and utility are questionable (D’Antonio 1993, Mack et al. 
2000).   
    Island species exemplify the potential for system-specific exceptions to invasiveness 
theory.  Suaeda taxifolia and Atriplex californica have many invasive traits, yet both have 
declined significantly; they are also halophytes, a group that is apparently declining on both 
islands, possibly due to post-grazing changes in soil compaction and chemistry.  Artemisia 
californica, another declining native shrub with many invasive traits, occurs primarily on 
warm, south-facing slopes on the islands, a habitat that may be particularly disadvantageous 
to natives competing with exotic annuals for soil moisture.  Malacothrix incana and 
Ambrosia chamissonis also declined significantly in cover on San Miguel Island (they are not 
present on Santa Barbara Island) despite many invasive traits, although A. chamissonis has a 
moderately large seed mass.  Both species occur primarily on open, sandy sites, as reflected 
by their common names: dunedelion and beach bur, respectively.  Their decline may be 
related to loss of habitat as dunes have stabilized and become more heavily vegetated.  A 
substantial decrease in open, sandy habitat on San Miguel’s large inland dune complexes is 
evident in aerial photos from 1979 to 1997, roughly equivalent to the vegetation monitoring 
period.   
    The failure of invasiveness theory to predict post-grazing recovery may also be due to its 
emphasis on seed production, dispersal, and germination.  Recovery may be more limited by 
natives’ survival to maturity rather than reproduction, particularly on sites dominated by 
exotic species.  Some mainland studies of Mediterranean-climate shrub communities have 
noted a lack of native plant recolonization at sites released from anthropogenic disturbance, 
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despite close proximity to intact native shrub stands that can act as a seed source (Zink et al. 
1996, Stylinski and Allen 1999).  The presence of exotic annual grasses in experimental plots 
significantly reduced growth and increased mortality of transplanted Artemisia californica 
seedlings relative to those in grass-removal plots, an effect attributed to the grasses’ depletion 
of soil moisture (Eliason and Allen 1997).  Baccharis pilularis seedlings also experienced 
decreased growth and increased mortality in the presence of an exotic annual grass, with the 
effect greatest under low-moisture conditions (DaSilva and Bartolome 1984).  Traits that 
affect a species’ ability to compete with exotics, particularly for soil moisture, may be more 
important for recolonization than reproductive strategies.   
    Alternatively, the lack of significant correlation between traits and cover trends may be 
due to low variability in trait values among the species sampled.  Species on transects 
disproportionately represent the ruderal/invasiveness end of the spectrum for most traits.  The 
data contain suggestions that a more varied sample from a wider range of plant communities 
might lend support for invasiveness theory.  Plots of cover trend vs. trait values such as 
Figure 2.1 show that species with invasive traits have widely varying cover trends, but 
species at the other end of the spectrum generally have only neutral or decreasing cover 
trends.  In these samples, having ruderal/invasive traits is not predictive of cover trend, but 
having a more K-selected strategy suggests a species will not increase in cover upon release 
from grazing disturbance.  The lack of significance in the tests may be because there are so 
few of the latter species.  
    The two study islands have lower diversity of plant communities than the larger islands or 
mainland Mediterranean-climate areas.  Native woody species on both islands are 
predominantly coastal scrub (soft chaparral) species.  Neither island has hard chaparral, 
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which is dominated by sclerophyllous evergreen shrubs such as Adenostoma, Ceanothus, or 
Arctostaphylos.  Coastal scrub species have been differentiated from hard chaparral species 
as being more early-seral, with ruderal traits such as higher growth rates and small seeds 
(Mooney 1977).  If coastal scrub and hard chaparral species are envisioned as being near 
opposite ends of a spectrum of life history strategies of Mediterranean-type vegetation, the 
current study samples primarily one end of the spectrum.  The larger islands of Santa Rosa 
and Santa Cruz, which have a greater diversity of shrub and woodland communities 
including hard chaparral, were excluded from this study because they are still subject to the 
confounding influence of introduced herbivores.  If suitable sites could be located, a larger-
scale study encompassing a broader range of native shrub communities, including hard 
chaparral, might have enough variability in theoretically invasive traits to detect an effect on 
native species recovery.   
    The only native woody species trait that was significantly related to species cover trends 
was leaf longevity, which was selected for testing based on system-specific considerations 
rather than general invasiveness theory.  In California’s Mediterranean-type shrublands, 
communities dominated by drought-deciduous species generally occupy more xeric sites than 
evergreen-dominated communities (Harrison et al. 1971, Westman 1981b).  Grazing-induced 
changes may have increased effective xericity for vegetation over much of the islands, so that 
drought-deciduous species have an advantage over evergreens at many sites.  Drought-
deciduous species may be better able to cope with early-summer soil moisture depletion by 
exotic annuals.  Drought-deciduousness may be advantageous even on sites not dominated by 
exotic annuals.  Erosion pavements and inland dunes created by grazing-induced erosion are 
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presumably more xeric now than the pre-grazing condition due to the loss of shade-casting, 
fog drip-collecting shrub cover and moisture-holding topsoil.   
    The decline of exotic salt-tolerant species may be due to post-grazing changes in soil 
chemistry.  Studies of sites released from grazing have found that soils decrease in bulk 
density and salinity relatively quickly, the latter apparently due to increased permeability and 
leaching of soluble salts (Chaneton and Lavado 1996, Belsky and Blumenthal 1997).  Santa 
Barbara Island soils were sampled at 7 sites on the eastern terrace in 1984, the year 
vegetation monitoring began (Halvorson et al. 1984).  Comparisons with eastern terrace soil 
samples taken in 2002 for the current study should be viewed with caution due to different 
sample locations, but the range, mean, and median soil salinities, as measured by electrical 
conductivity (EC), suggest a measurable decrease since 1984.  Samples in both years were 
taken from approximately the same depth (the upper 10 cm), and the same analytical 
methods were used, although by different laboratories.  In 1984, EC ranged from 2.0 to 18 
mmhos/cm, with a mean of 8.7 and a median of 6.2 (n = 7).  Samples collected at eastern 
terrace sites in 2002 had a range of 0.49 to 2.1 mmhos/cm, with a mean of 0.84 and a median 
of 0.71 (n = 13; 5 samples at transects and 8 opportunity samples).  If soil salinity has 
declined as this suggests, halophytic exotics would lose a competitive advantage.   
    However, the only exotic herbivores on Santa Barbara Island since the 1920s were rabbits; 
it is unknown whether they could cause substantial soil compaction as large livestock can.  
The exotic halophyte Mesembryanthemum, which formerly dominated large areas of Santa 
Barbara Island, was one of the few plants rabbits avoided (Sumner 1953); possibly it is 
declining because it is no longer favored by selective grazing pressure.  Because it 
concentrates salts in its tissues and subsequently in the soil when it dies back annually 
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(Vivrette and Muller 1977), its decline could presumably cause a decrease in soil salinity that 
would affect other halophytic species as well.  However, this mechanism would not explain 
why exotic halophytes are also declining on San Miguel Island, where Mesembryanthemum 
was never reported as extensive or dominant as on Santa Barbara.  It is also possible the 
decline in exotic halophytes is due to some unknown factor unrelated to soil salinity.  
 
Invasibility 
 
    Results supported neither the Eltonian concept of native species richness as a barrier to 
invasion, nor the hypothesis that native and exotic richness will be positively correlated at 
larger scales such as those of my vegetation samples.  Stohlgren et al. (2003) note that 
regions already heavily invaded by exotics would not necessarily exhibit a positive 
relationship between native and exotic species because of exotics’ ability to dominate plant 
communities.  However, in the current study, exotic domination does not appear responsible 
for the lack of a significant positive relationship between native and exotic richness.  Exotic-
dominated sites generally have low richness of both natives and exotics, while sites with the 
highest native cover generally have a negative relationship between native and exotic 
richness.    
    The strong correlations between soil texture and native/exotic richness and cover support 
the hypothesis that extrinsic rather than intrinsic factors affect invasibility, and may also 
indicate why there is not necessarily a consistent positive relationship between native and 
exotic richness at larger scales.  The correlations suggest that certain soil types are generally 
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more favorable to natives and others to exotics, rather than a given condition being 
advantageous (or disadvantageous) to both.   
     Exotic species on the islands (and mainland California) are predominantly drought-
escaping annuals while native communities are largely perennial-dominated.  The two groups 
have differing water use patterns.  Exotic annuals extract soil water from shallower horizons 
and only during the growing season.  Native perennials, even those with relatively shallow  
root systems, have deeper rooting zones than the exotic annuals and higher root:shoot ratios, 
traits that apparently allow them to draw water from deeper in the soil profile during the 
summer drought (Hellmers et al. 1955, Walter 1984, Holmes and Rice 1996).  Exotic annuals 
are presumably less competitive on coarse-grained substrates where water drains quickly 
beyond their shallow root zones.  Fine-grained soils retain moisture longer near the surface 
and would be advantageous to exotic annuals.  
    Even without the influence of annual plants, finer-grained soils are effectively more xeric 
than coarse-grained soils in arid and semiarid climates because of higher evaporative loss of 
moisture retained in surface horizons (Wells 1962).  Drought-escaping exotic annuals on the 
islands may tolerate higher levels of xericity than many native perennials.  The proportion of 
annuals in arid-climate floras increases with increasing site aridity (Archibold 1995), and 
Jackson (1985) and Keeley (1989) suggested that Mediterranean annual grasses have become 
more widespread and dominant in California than in their native range because of 
California’s more arid climate.  Exotic annuals may be more competitive than native 
perennials on finer-grained soils because of higher inherent site xericity.   
    Alternatively, correlations of native/exotic richness and cover with soil texture may be due 
to some other covarying soil factor.  Some studies suggest that high levels of nutrients, 
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particularly nitrogen, enhance exotics’ competitiveness (Allen et al. 2002, Hoopes and Hall 
2002).  However, correlations of species composition with soil nutrients in ordinations 
(Chapter 1) were generally inconsistent and less significant than correlations with soil 
texture.  Major cations tend to covary with soil texture; possibly they, or some unmeasured 
soil factor that covaries with texture, affect competition between native and exotic species.   
    The fewer significant relationships between soil texture and native/exotic richness on San 
Miguel relevés compared to San Miguel transects may be due to less variability in soil 
texture.  With one exception, relevés on sand dunes were not resampled because they could 
not be reliably relocated, whereas ¼ of transects are on dunes.   
    The loss of significance over time in the correlations between soil texture and exotic cover 
on San Miguel transects (Tables 2.9 and 2.10) are probably due to the spread of one exotic 
species, Carpobrotus chilensis.  It prefers sandy habitats, unlike most other widespread 
exotics on the islands, and its percent cover has increased significantly on transects since 
1984 (Table 1.9).    
 
 
CONCLUSIONS 
 
    Theoretically invasive traits did not predict species cover trends, although low variability 
in those traits among species sampled may be responsible.  Larger-scale tests over a greater 
diversity of plant communities might find support for the application of invasiveness theory 
to predict native plant recolonization on lands released from anthropogenic disturbance.  
However, the current study indicates, as others have suggested (D’Antonio 1993, Mack et al. 
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2000), that site- or system-specific exceptions are likely to be common, limiting the 
usefulness of general invasiveness theory in predicting native plant recovery.   
    Trait-based analysis of recovery in progress, though, can be useful, suggesting important 
limiting factors in native plant recovery that would affect restoration strategies.  Leaf 
longevity was the only trait tested that predicted species’ post-grazing cover trends.  The 
significantly greater mean cover trend of drought-deciduous species suggests that soil 
moisture relations and site xericity are important factors in native woody plant recovery.  
Relationships between traits and changes in species abundance can suggest post-disturbance 
changes in the physical template, as in the case of the exotic halophyte decline.  It suggests 
that soil salinity has decreased in the post-grazing environment, and more immediately 
applicable, that active eradication efforts may be better targeted at other types of exotics.  
These trait-based analyses suggest fruitful directions for applied research and restoration 
planning and prioritization.    
    Analyses of relationships among native and exotic richness and cover support the concept 
that extrinsic factors such as soil texture affect invasibility more than intrinsic factors such as 
richness, and illustrate why there is not necessarily a consistent relationship between native 
and exotic richness.  Certain substrates appear to favor either natives or exotics, rather than a 
given condition being advantageous to both, a plausible situation where important natives are 
predominantly perennial and important exotics are mostly annuals, with different life history 
and water use strategies.    
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CHAPTER 3:  COMMUNITY RICHNESS AND STABILITY RELATIONSHIPS IN A 
HIGHLY VARIABLE PRECIPITATION REGIME 
 
 
INTRODUCTION 
 
    The long-standing hypothesis of a positive relationship between community diversity 
(often represented by species richness) and community stability remains under debate.  
Odum (1953), MacArthur (1955), and Elton (1958) proposed that simpler, less diverse 
communities were more prone to population density fluctuations when disturbed and thus 
were less stable.  A number of empirical studies support the hypothesis (McNaughton 1985, 
Frank and McNaughton 1991, Tilman et al. 1996, Naeem and Li 1997; but see Petchey et al. 
2002).  Several mechanisms have been proposed, most of which can be generally synthesized 
as the “portfolio effect”: a greater number of species increases the odds that perturbations 
will produce differential responses, which will tend to average each other out and reduce 
variation in aggregate measures such as total community biomass (Doak et al. 1998). 
    Theoretical modeling, which has largely focused on multiple trophic levels, has often 
predicted decreasing stability with increasing diversity and complexity (May 1972, Gilpin 
1975, Pimm and Lawton 1978).  Little empirical evidence has been found to support a 
negative relationship between diversity and stability whether considering multiple or single 
trophic levels within communities, and there appears to be a growing consensus that, on 
average, the relationship is positive (McCann 2000, Wilmers et al. 2002).  However, 
Schwartz et al. (2000) point out that some key experimental and observational studies have 
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found equivocal or no support for a positive relationship and that the nature of the 
relationship remains poorly defined.  For example, Kutiel and Danin (1987) found a hump-
backed relationship between diversity and biomass in desert annual plant communities, with 
lowest biomass at both ends of the diversity spectrum.  Clarifying the relationship between 
diversity and stability is of major importance as biodiversity declines worldwide and 
ecologists attempt to predict how ecosystems and communities will respond to loss of species 
(McCann 2000).   
    Multiple definitions of community stability have been used in various studies; McCann 
(2000) explicates six commonly used measures.  In this chapter I will use two of these: 
variability (the variance in population or aggregate abundances over time) and resistance (the 
degree of change in a population or community variable in response to a disturbance), as well 
as persistence, a community’s ability to resist compositional change over time (Barbour et al. 
1987).   
    The Mediterranean-climate regions of California experience high variability in annual 
precipitation, as is common in arid and semiarid climates, and vegetative cover can fluctuate 
dramatically in response (Figure 3.1).  Long-term vegetation monitoring data from San 
Miguel and Santa Barbara Islands provide an opportunity to assess the relationship between 
species richness and stability in a region characterized by substantial interannual climatic 
variation.  Richness can be correlated to stability as measured by variability in aggregate 
vegetative cover.  The monitoring period includes a severe drought year (1990), allowing 
correlation of species richness with stability as measured by resistance to the drought event.  
(Richness might also have been correlated with resilience, the time required for a community  
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Figure 3.1.  San Miguel Island vegetation transect 15, in a grassland/Coreopsis gigantea 
community.  (1)  April 1990, when water-year precipitation was 30% of the 30-year mean. 
(2)  Same view in April 1993, when water-year precipitation was 162% of the 30-year mean. 
(Photos courtesy of Channel Islands National Park.) 
 
 
(1) 
(2)
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to return to its pre-perturbance state, had monitoring not been suspended for several years 
following the drought.)  Low-richness exotic grasslands and depauperate communities on 
eroded sites appear to respond more dramatically to precipitation fluctuations than more 
diverse communities, so I expect to find that if richness significantly correlates with stability, 
as measured by variability in total cover and resistance to drought, the relationship will be 
positive.   
    However, exotic grasslands in California are noted for their persistence (Jackson 1985, 
Keeley 1989).  Thus, the same communities considered relatively unstable by measures of 
variability and resistance may be highly stable as defined by long-term persistence.  The 
relationship between richness and stability may vary depending upon which definitions of 
stability are used.  
    In this chapter I characterize patterns, among species and on the landscape, of vegetation 
response to interannual variability in precipitation.  I then use time-series vegetation data 
from San Miguel and Santa Barbara Islands to test whether species richness is positively 
related to stability, as measured by variability in total vegetative cover and by resistance to 
change in total vegetative cover during the 1990 drought.  I also test the relationship between 
communities’ response to interannual precipitation fluctuations and their long-term 
persistence.  The nature of these relationships has implications not only for the diversity-
stability debate but also for restoration ecology.  A better understanding of these relationships 
may enhance evaluation of the prospects for passive restoration in different community 
types.  
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METHODS 
 
    To aid interpretation of richness-stability analytical results, I first characterized patterns of 
response to precipitation variability among species.  The amount of variability in a species’ 
percent foliar cover attributable to annual precipitation, hereafter referred to as a species’ 
precipitation effect, was estimated in multilevel regression modeling of time-series transect 
data (see Methods, Chapter 1).  Total water-year (July of previous year through June of 
subject year) precipitation (Table 1.3) was calculated from monthly totals for the Oxnard 
NOAA reporting station (Western Regional Climate Center [WRCC], 2004).  Precipitation 
effects for species were estimated both with individual water-year data and with a 3-year 
running average, because some species exhibit hysteresis in response to interannual 
precipitation fluctuations.  To account for multiple tests in assessing significance of the 
precipitation effects, Benjamini and Hochberg’s (1995) step-up procedure was used to 
control the false discovery rate (FDR) at 5%.  
    To aid interpretation of the relationship between communities’ response to interannual 
precipitation fluctuations and their long-term persistence, I tested for a relationship between 
individual species’ cover trends over time and their precipitation response.  Species that 
fluctuate strongly in response to precipitation may be more prone to local extinctions or 
reductions in population size, resulting in a negative relationship between cover trends and 
precipitation effects.  I correlated species’ partial regression coefficients for changes in cover 
due to time (Table 1.9) and annual precipitation, derived from multilevel regression modeling 
(Chapter 1).  
    To characterize patterns of vegetation response to precipitation among transect sites, I first 
analyzed aggregate vegetation response to annual precipitation.  I correlated percent total 
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foliar cover (the sum of all species’ cover on a transect) with water-year precipitation, for 
both unaveraged precipitation data and a 3-year moving average.   
    Variability in total cover could also be affected by directional change over time, which 
could affect interpretation of the association between precipitation and total cover.  To test 
for significant directional change in total cover, I performed a generalized least squares 
regression of each transect’s total percent cover over time.  This estimation method is 
appropriate where data, such as time-series data, are autocorrelated.    
    I then analyzed how vegetation response to precipitation varies along important 
environmental gradients by correlating transect sites’ interannual variability in total 
vegetative cover with soil texture and with a site heat load index.  Both these environmental 
variables affect soil moisture availability and represent important environmental gradients, 
based on ordinations of species composition (Chapter 1).  For each transect, I calculated the 
coefficient of variation (CV) of percent total cover to represent vegetation response to 
precipitation: 
 
CV = (standard deviation / mean) x 100%. 
 
    Some years within the 1984-2002 monitoring period were omitted from analyses because 
not all transects were sampled every year.  Precipitation data for the 13 years used in analysis 
of San Miguel transect data and the 12 years used in analysis of Santa Barbara data are 
shown in Table 3.1.    
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Table 3.1.  Precipitation data used in analyses of San Miguel and Santa Barbara Island 
vegetation data.  Precipitation totals for both islands are from the NOAA Oxnard, California, 
reporting station (WRCC 2004).  Data from some years during the monitoring period 1984-
2002 were not used because not all transects were sampled some years.  Data are for water-
year (July-June); 3-year means are moving averages of water-year totals.  
 
 
Data used for San Miguel Island Data used for Santa Barbara Island 
 
 
Year 
Water-year 
precipitation, 
mm 
Mean 3-year 
precipitation, 
mm 
 
 
Year 
Water-year 
precipitation, 
mm 
Mean 3-year 
precipitation, 
mm 
1984 283 461 1984 283 461 
1985 307 457 1985 307 457 
1986 643 411 1986 643 411 
1987 213 388 1987 213 388 
1988 299 385 1988 299 385 
1990 118 219 1990 118 219 
1993 642 617 1994 296 612 
1994 296 612 1995 732 557 
1998 934 526 1996 291 440 
1999 239 509 1997 354 459 
2000 351 508 1998 934 526 
2001 437 342 1999 239 509 
2002 161 316    
 
 
    I used arcsin-square root transformed percent sand and percent clay to represent soil 
texture.  I used a “northness” index (Borchert et al. 1989) to represent site heat load: 
 
Northness = cos (azimuth in degrees from true north) x sin (slope in degrees). 
 
    I assessed the richness-stability relationship by correlating community richness with 2 
measures of community stability: interannual variability in total vegetative cover, and the 
decrease in total vegetative cover in response to the 1990 drought.  For the first analysis I 
correlated mean species richness of the years in Table 3.1 and CV of percent total cover from 
the same years.  If richness and stability are positively related, the correlation should be 
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negative (high richness corresponds to low variability in cover).  Because richness is affected 
by plot size, I omitted Santa Barbara Island transects of non-standard length from analyses in 
which richness was a variable.  (All San Miguel transects and most Santa Barbara transects 
are of 100-point, 30 m length.) 
    The 1990 drought was severe: water-year precipitation was 28% (1.3 standard deviations) 
of the 30-water-year (1973-2002) mean, and 29% (1.2 standard deviations) of the mean for 
the 1984-2002 vegetation monitoring period water-years (WRCC 2004).  For the drought-
response variable, I used each transect’s 1990 percent total cover relativized to the transect’s 
mean total cover for the previous monitoring years (1984-88; monitoring was not conducted 
in 1989).  I correlated the relativized 1990 total cover with mean species richness from 1984-
88.  A large value for 1990 relativized cover means it is a high percentage of mean 1984-88 
cover, indicating a small response to the drought.  Therefore, if richness and stability are 
positively related, the correlation between richness and 1990 cover should be positive 
(greater cover/less response to drought as richness increases).  I also correlated relativized 
1990 cover with soil texture, represented by arcsin-square root transformed percent sand and 
clay, to see if soil texture’s relationship with drought response is similar to its relationship 
with CV of total cover.   
    To assess whether stability measured by interannual variability in total cover corresponds 
to long-term compositional stability, I correlated CV of total cover with the Sorenson (Bray-
Curtis) distance measure for species composition in 1984 and 2002.  Species abundance data 
were used to calculate Sorenson percent dissimilarity between the two time periods for each 
transect.    
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    All analyses were conducted separately for the two islands.  Santa Barbara Island is 
warmer and drier than San Miguel (Schoenherr et al. 1999, WRCC 2004), with finer-grained 
soils and a higher proportion of annual species in its flora, so I anticipated possible 
differences in vegetation-precipitation relationships between the islands.  I used precipitation 
and vegetation data from a subset of years during the 1984-2002 monitoring period because 
all transects were not sampled all years (Table 3.1).  I also omitted some transects that were 
sampled infrequently: transects 11 and 18 on San Miguel and transects 4, 10, 14, 20, 21, 23, 
and 24 on Santa Barbara Island. 
    Scatterplots were used to assess linearity of relationships between variables.  Normality of 
data was assessed via theoretical quantiles plots and Shapiro-Wilk tests.  Variables were log-
transformed where appropriate to improve normality.  Pearson’s correlations were conducted 
except where parametric assumptions were not met, in which case Spearman’s rank 
correlations were performed.  Sorenson percent dissimilarity between transect species 
composition in 1984 and 2002 were calculated in PC-ORD 4.32 (McCune and Mefford 
1999).  All other statistical analyses were conducted using R 1.9.1 (R Development Core 
Team 2004) and a significance level of α = 0.05. 
 
 
RESULTS 
 
Precipitation responses of individual species 
 
    Species with percent cover significantly affected by water-year precipitation totals are 
primarily exotic annual grasses, herbs (mostly exotic but some native) associated with exotic 
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grasslands, and native herbs from a variety of communities (Tables 3.2 and 3.3).  The exotic 
subshrub Atriplex semibaccata and native shrub Coreopsis gigantea also responded 
significantly to precipitation on Santa Barbara Island.  Annual species would be expected to 
be disproportionately represented among species with a significant precipitation effect, and 
that was found on San Miguel Island transects, but not on Santa Barbara Island transects.  
Annuals represent 47% of species on San Miguel transects but 86% of species with 
significant precipitation effects.  On Santa Barbara, annuals comprise 72% of species on 
transects and 75% of species with significant precipitation effects.   
    As might be expected, some species’ precipitation effects lost significance due to 
smoothing when precipitation was averaged over 3 years.  However, 2 species on San Miguel 
(the exotic grass Bromus diandrus and the native herb Daucus pusillus) and 3 species on 
Santa Barbara (the native herb Achillea millefolium and exotics Atriplex semibaccata and 
Bromus hordeaceus) only had significant precipitation effects with 3-year averaging, 
suggesting a lagged response.  No species had a significant negative relationship with 
precipitation totals (greater cover with lower rainfall), but 2 species’ negative coefficients 
approached significance with 3-year precipitation averages: the native cactus Opuntia 
prolifera on Santa Barbara (p = 0.017 but insignificant after accounting for multiple testing) 
and the native shrub Lupinus albifrons on San Miguel (p = 0.066).  
    There was no significant relationship between species’ temporal cover trends and their 
precipitation effects on San Miguel transects (Spearman’s ρ = 0.050, p = 0.664 for 
coefficients derived with no precipitation averaging; Spearman’s ρ = 0.043, p = 0.706 for 
coefficients derived using 3-year averages) or on Santa Barbara Island transects (Spearman’s 
ρ = -0.18, p = 0.202 for coefficients derived with no precipitation averaging; Spearman’s ρ = 
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-0.16, p = 0.268 for coefficients derived using 3-year averages).  Non-parametric results are 
reported because data have non-normal distributions.   
 
 
Table 3.2.  The effect of annual (water-year, July-June) precipitation totals on species’ 
percent cover on San Miguel Island transects, 1984-2002.  Results are shown for estimates 
using individual water-year precipitation totals and a 3-year moving average.  Species with a 
significant precipitation effect after accounting for multiple testing are shown in bold.  
 
 
No precipitation 
averaging 
3-yr precipitation 
averaging 
Species n1 β, ppt2 p β, ppt2 p
Abronia maritima 1 0.113 0.539 0.092 0.728
Abronia umbellata 3 0.059 0.496 0.267 0.024
Achillea millefolium 3 0.065 0.425 0.143 0.198
Allium praecox 1 0.043 0.331 0.089 0.118
Ambrosia chamissonis 1 0.123 0.630 -0.144 0.696
Ambylopappus pusillus 2 0.437 0.010 0.281 0.238
Amsinckia menziesii 4 -0.044 0.766 -0.070 0.730
Artemisia californica 3 0.222 0.525 0.410 0.411
Astragalus curtipes 1 0.055 0.734 0.478 0.012
Astragalus miguelensis 7 0.037 0.620 0.154 0.141
Atriplex californica 8 -0.030 0.537 -0.048 0.469
Atriplex semibaccata 4 0.015 0.928 0.440 0.050
Avena spp 7 0.913 <0.001 1.081 0.002
Baccharis pilularis 7 -0.048 0.566 -0.034 0.763
Bromus arizonicus 1 -0.033 0.911 0.369 0.385
Bromus carinatus 1 0.303 0.553 0.137 0.853
Bromus diandrus 12 0.341 0.027 0.614 0.004
Bromus hordeaceous 8 0.300 0.111 0.258 0.322
Bromus rubens 6 0.486 0.010 0.657 0.012
Cakile maritima 1 0.179 0.045 0.105 0.443
Calystegia macrostegia 7 0.239 0.040 0.222 0.174
Camissonia cheiranthifolia  1 -0.025 0.733 -0.024 0.815
Carpobrotus chilensis 9 0.219 0.149 0.449 0.030
Castilleja lanata ssp. hololeuca 4 -0.006 0.929 -0.009 0.930
Cerastium glomeratum 2 0.012 0.666 0.015 0.701
Chenopodium californicum 3 0.056 0.032 0.007 0.841
Claytonia perfoliata ssp perfoliata 2 0.708 0.008 1.054 0.002
Coreopsis gigantea 4 0.504 0.034 0.877 0.008
Corethrogyne filaginifolia 1 0.138 0.122 0.111 0.402
Cryptantha clevelandii  1 -0.066 0.724 0.091 0.717
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Table 3.2., continued 
 
No precipitation 
averaging 
3-yr precipitation 
averaging 
Species n1 β, ppt2 p β, ppt2 p
Daucus pusillus 5 0.174 0.010 0.313 0.001
Dichelostemma capitatum 3 0.129 0.005 0.100 0.120
Distichlis spicata 3 -0.119 0.303 -0.178 0.257
Dudleya greenei 2 0.072 0.330 0.097 0.358
Erigeron glaucus 3 -0.007 0.882 -0.050 0.461
Eriogonum grande v. rubescens 2 0.085 0.075 0.138 0.042
Eriophyllum confertiflorum 1 0.178 0.430 0.251 0.438
Erodium cicutarium 8 0.167 0.063 0.160 0.192
Erodium moschatum 1 0.128 0.234 0.299 0.024
Eschscholzia californica 2 0.427 0.063 0.850 0.005
Frankenia salina 1 0.114 0.486 0.116 0.625
Galium aparine 3 0.148 0.160 0.073 0.616
Hordeum brachyantherum  6 0.258 0.009 0.133 0.328
Hordeum murinum 6 0.272 0.197 0.529 0.062
Isocoma menziesii 9 0.003 0.976 -0.004 0.973
Lamarckia aurea 1 0.161 <0.001 0.099 0.157
Lasthenia californica  2 0.274 0.089 0.501 0.022
Lotus dendroideus v. dendroideus 3 -0.008 0.945 0.104 0.508
Lotus salsuginosus 1 0.156 0.003 0.082 0.310
Lupinus albifrons  6 -0.125 0.224 -0.258 0.066
Lupinus arboreus  1 0.176 0.499 0.584 0.074
Lupinus succulentus  1 -0.120 0.521 -0.088 0.727
Malacothrix incana  6 0.090 0.549 0.308 0.138
Malacothrix saxatilis v. implicata 3 0.194 0.356 0.555 0.049
Marah macrocarpus 4 0.445 0.004 0.340 0.115
Marrubium vulgare 1 -0.527 0.361 -0.220 0.846
Medicago polymorpha  8 0.450 <0.001 0.259 0.085
Melilotus indicus 9 0.238 0.004 -0.029 0.802
Mesembryanthemum crystallinum  1 0.032 0.315 0.082 0.062
Nasella cernua 1 0.065 0.734 0.023 0.951
Nassella pulchra  4 0.022 0.915 0.044 0.880
Nemophila pedunculata 2 0.059 0.265 0.053 0.456
Opuntia littoralis 2 -0.178 0.461 -0.193 0.546
Parapholis incurva 4 0.830 <0.001 1.035 <0.001
Phacelia distans 3 0.494 0.001 0.543 0.010
Poa douglasii 7 -0.070 0.524 0.105 0.490
Polypogon monspeliensis 1 -0.033 0.688 0.029 0.808
Pseudognaphalium bicolor 1 0.098 0.675 0.150 0.740
Pseudognaphalium luteoalbum 2 -0.026 0.718 0.141 0.136
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Table 3.2., continued 
 
No precipitation 
averaging 
3-yr precipitation 
averaging 
Species n1 β, ppt2 p β, ppt2 p
Pterostegia drymarioides 3 0.201 <0.001 0.334 <0.001
Senecio vulgaris 2 -0.008 0.892 -0.036 0.629
Silene gallica 1 0.033 0.902 0.166 0.640
Sisyrinchium bellum 2 0.008 0.938 0.086 0.526
Solanum douglasii  1 -0.027 0.512 -0.028 0.605
Sonchus oleraceus 12 0.197 <0.001 0.125 0.047
Spergularia macrotheca 4 -0.001 0.978 0.015 0.740
Stellaria media 2 0.115 0.463 0.049 0.815
Torilus nodosa 1 -0.081 0.470 -0.039 0.797
Vulpia myuros  4 0.184 0.312 0.639 0.011
 
1The number of transects on which the species appears. 
 
2Partial regression coefficient from multilevel modeling for change in species percent cover due to 
water-year precipitation total.  
 
 
Table 3.3.  The effect of annual (water-year, July-June) precipitation totals on species’ 
percent cover on Santa Barbara Island transects, 1984-2002.  Results are shown for estimates 
using individual water-year precipitation totals and a 3-year moving average.  Species with a 
significant precipitation effect after accounting for multiple testing are shown in bold.  
 
 
No precipitation 
averaging 
3-yr precipitation 
averaging 
Species n1 β, ppt2 p β, ppt2 p
Achillea millefolium 6 0.107 0.112 0.364 0.009
Ambylopappus pusillus 8 0.248 0.009 0.682 0.001
Amsinckia menziesii 21 0.567 <0.001 0.652 0.002
Atriplex californica 3 -0.010 0.915 0.091 0.639
Atriplex semibaccata 16 -0.072 0.407 0.735 <0.001
Avena spp 12 0.987 <0.001 0.745 0.108
Bromus arizonicus 7 0.093 0.157 0.212 0.119
Bromus hordeaceous 7 0.598 0.065 2.745 <0.001
Bromus rubens 17 0.709 <0.001 1.907 <0.001
Calystegia macrostegia v. amplissima 5 -0.026 0.900 0.224 0.550
Chenopodium californicum 1 0.158 0.399 -0.036 0.929
Chenopodium murale 5 0.021 0.670 0.124 0.216
Claytonia perfiolata ssp. mexicana 9 0.733 <0.001 1.136 <0.001
Coreopsis gigantea 10 0.293 0.003 0.146 0.478
Crassula connata 1 0.188 0.034 0.021 0.920
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Table 3.3. continued 
 
No precipitation 
averaging 
3-yr precipitation 
averaging 
Species n1 β, ppt2 p β, ppt2 p
Cryptantha clevelandii  4 0.130 0.195 0.318 0.116
Dichelostemma capitatum 9 0.150 0.011 0.188 0.127
Eriogonum giganteum v.compactum 4 0.024 0.491 -0.003 0.968
Erodium cicutarium 3 0.094 0.038 -0.001 0.995
Erodium moschatum 7 0.407 0.044 0.009 0.984
Galium aparine 5 0.438 0.001 1.012 <0.001
Hemizonia clementina 5 0.151 0.091 0.301 0.103
Hordeum murinum 16 0.465 <0.001 0.984 <0.001
Lamarckia aurea 2 0.028 0.325 0.090 0.137
Lasthenia californica  3 0.560 0.057 1.168 0.062
Lycium californicum 4 -0.044 0.447 0.255 0.029
Malacothrix foliosa v. philbrickii 8 0.173 0.006 0.327 0.013
Malva parviflora 11 0.077 0.242 0.036 0.799
Marah macrocarpus 5 0.918 0.004 1.256 0.036
Medicago polymorpha  1 0.052 0.400 0.032 0.816
Melica imperfecta 1 0.105 0.745 0.972 0.139
Melilotus indicus 1 0.295 0.005 0.096 0.710
Mesembryanthemum crystallinum  12 0.192 0.160 0.473 0.106
Mesembryanthemum nodiflorum 2 0.375 0.230 0.804 0.224
Muhlenbergia microsperma 2 0.608 0.305 1.567 0.044
Opuntia littoralis 3 -0.051 0.672 0.134 0.528
Opuntia prolifera 4 -0.255 0.119 -0.775 0.017
Parietaria hespera 2 0.163 0.004 0.237 0.058
Perityle emoryi 2 -0.034 0.546 -0.010 0.926
Phacelia distans 1 0.217 0.057 0.022 0.923
Phalaris minor 1 -0.034 0.668 0.149 0.369
Pholistoma auritum 2 0.170 0.249 0.528 0.053
Pholistoma racemosum 2 0.121 0.607 0.681 0.115
Pterostegia drymarioides 9 0.349 <0.001 0.636 0.001
Sonchus oleraceus 14 0.528 <0.001 0.633 0.005
Suaeda taxifolia 7 -0.110 0.402 0.517 0.071
Trifolium palmeri 1 0.096 0.008 0.082 0.378
Trifolium willdenovii 1 0.086 0.484 -0.042 0.881
Vulpia myuros  7 0.126 0.007 0.344 <0.001
Vulpia octoflora 1 0.200 0.167 0.495 0.103
 
1The number of transects on which the species appears. 
 
2Partial regression coefficient from multilevel modeling for change in species percent cover due to 
water-year precipitation total.  
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Precipitation responses among sites 
 
    Total vegetative cover and annual precipitation are significantly correlated on all San 
Miguel transects and most Santa Barbara transects (Tables 3.4 and 3.5).  Unaveraged 
precipitation totals for both islands were log-transformed to improve normality.  Three-year 
averages were normally distributed; correlations performed with both log-transformed and 
untransformed data yielded similar results.  Results using untransformed 3-year means are 
reported.  
 
 
Table 3.4.  Correlation of percent total vegetative cover and water-year (July-June) 
precipitation on San Miguel Island transects (n = 15), using log (unaveraged precipitation 
totals, mm) and a 3-year moving average.  Data are from 13 years within the period 1984-
2002; some years were omitted because some transects were not sampled.  Results are 
Pearson’s correlation coefficients except where noted.  Significant results are shown in bold 
(α = 0.05).   
 
 
 No precipitation 
averaging 
3-yr precipitation 
averaging 
Transect Community  r p r p
1 caliche scrub 0.56 0.044 0.46 0.113
2 caliche scrub 0.71 0.006 0.74 0.004
3 exotic grassland/native 
woody mix  
0.49 0.091 0.65 0.016
4 exotic/native grassland 0.66 0.015 0.45 0.125
5 coastal sage scrub1 0.63 0.023 0.77 0.003
6 island chaparral 0.40 0.17 0.56 0.045
7 island chaparral 0.32 0.279 0.62 0.024
8 Coreopsis scrub 0.54 0.059 0.84 <0.001
9 sea cliff scrub 0.73 0.005 0.71 0.007
10 exotic grassland 0.52 0.071 0.82 <0.001
12 island chaparral 0.51 0.077 0.66 0.014
13 Coreopsis scrub 0.39 0.186 0.57 0.040
14 coastal dune scrub 0.35 0.238 0.65 0.016
15 Coreopsis scrub/grassland 0.63 0.021 0.80 <0.001
16 Coreopsis scrub 0.34 0.254 0.60 0.031
 
1Spearman’s rank correlation coefficient is reported because cover data are nonnormal.  
 167
 
 
Table 3.5.  Pearson’s correlation of percent total vegetative cover and water-year (July-June) 
precipitation on Santa Barbara Island transects (n = 17), using log (unaveraged precipitation 
totals, mm) and a 3-year moving average.  Data are from 12 years within the period 1984-
2002; some years were omitted because some transects were not sampled.  Significant results 
are shown in bold (α = 0.05).  
  
 
 No precipitation 
averaging 
3-yr precipitation 
averaging 
Transect Community r p r p
1 exotic grassland/Suaeda scrub 0.78 0.003 0.43 0.167
2 exotic grassland/Suaeda scrub 0.81 0.001 0.55 0.065
3 exotic grassland/Suaeda scrub 0.72 0.008 0.38 0.223
5 exotic grassland/Suaeda scrub 0.75 0.005 0.59 0.042
6 exotic grassland 0.37 0.233 0.15 0.643
7 iceplant/sea cliff scrub 0.16 0.619 0.22 0.495
8 sea cliff scrub 0.64 0.025 0.53 0.078
9 Coreopsis scrub 0.52 0.083 0.62 0.031
11 Coreopsis scrub 0.64 0.024 0.49 0.108
12 Coreopsis scrub 0.85 <0.001 0.62 0.032
13 sea cliff scrub 0.58 0.049 0.022 0.945
15 Coreopsis/Lycium scrub 0.57 0.055 0.25 0.436
16 Lycium scrub 0.66 0.019 0.34 0.283
17 Coreopsis scrub/exotic grassland 0.43 0.162 0.20 0.532
18 exotic grassland 0.53 0.076 -0.022 0.946
19 exotic grassland 0.50 0.098 0.11 0.742
22 Lycium/sea cliff scrub 0.80 0.002 0.36 0.257
 
 
    On San Miguel, more sites have significant correlations with total cover when 
precipitation is averaged over 3 years, even some sites with a large annual grass component.  
Sites with significant correlations only when precipitation is averaged over 3 years are 
primarily native woody communities; all are on sandy soils.  Sites with significant 
correlations with unaveraged precipitation totals (i.e. no apparent lag in response to 
precipitation) include both of the caliche scrub sites and sites on warm, south-facing slopes 
on the island’s south side (transects 4, 5, 9, and 10); most are on finer-grained soils.  USDA 
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soil texture classes for transect sites are shown in Tables 3.6 and 3.7, along with other site 
characteristics used in analyses.  
    On Santa Barbara, more total cover vs. precipitation correlations are significant when 
precipitation totals are unaveraged.  Sites with significant correlations with unaveraged 
precipitation totals include all exotic grassland/Suaeda sites, 2 of 3 sea cliff sites near Arch 
Point, and most Coreopsis and Lycium communities (both species are drought-deciduous).  
Exotic grasslands dominated by Hordeum murinum have significant correlations but those 
dominated by Avena and Bromus species do not.  The only sites with significant correlations 
with 3-year precipitation means are 1 exotic grassland/Suaeda site in the badlands and 2 
Coreopsis communities on north-facing slopes. 
 
 
Table 3.6.  Site characteristics of San Miguel Island transects. 
 
 
  
 
 
Transect 
 
 
Community  
 
 
Soil texture 
class 
 
 
Northness
index1 
 
CV of 
% total 
cover2 
 
Mean 
species 
richness3 
 
Relativized
1990 
% cover4 
1 caliche scrub loam 0.052 45 9.1 29 
2 caliche scrub sandy clay loam -0.012 37 10.9 51 
3 exotic grassland sand 0.018 25 8.6 84 
4 exotic/native grassland silt loam -0.034 39 12.2 68 
5 coastal sage scrub sandy loam -0.47 25 9.6 84 
6 island chaparral sandy loam 0.16 30 20.0 71 
7 island chaparral sandy loam 0.25 31 17.8 72 
8 Coreopsis scrub loamy sand 0.0033 31 14.3 80 
9 sea cliff scrub sandy loam -0.45 42 8.6 27 
10 exotic grassland clay loam 0.053 40 7.8 16 
12 island chaparral sand 0.28 27 12.3 83 
13 Coreopsis scrub sand 0.07 38 15.8 53 
14 coastal dune scrub sand 0.46 36 10.5 100 
15 Coreopsis 
scrub/grassland 
sandy clay loam 0.017 35 11.0 30 
16 Coreopsis scrub sand -0.22 31 12.7 56 
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1Values range from 1.0 to -1.0.  A large, positive index represents steep, north-facing slopes with 
small heat loads; a large, negative index represents steep, south-facing slopes with large heat loads. 
 
2Coefficient of variation of percent total cover from years listed in Table 3.1 for San Miguel Island.  
A small value represents high stability. 
 
3Mean species richness from years listed in Table 3.1 for San Miguel Island. 
  
41990 percent total cover, relativized to mean total cover of previous monitoring years, 1984-88.  A 
high value indicates a small response to the 1990 drought. 
 
 
Table 3.7.  Site characteristics of Santa Barbara Island transects. 
 
 
  
 
 
Transect 
 
 
Community  
 
 
Soil texture 
class 
 
 
Northness
index1 
 
CV of 
% total 
cover2 
 
Mean 
species 
richness3 
 
Relativized
1990 
% cover4 
1 exotic grassland/ 
Suaeda 
sandy loam -0.0042 43 - 16 
2 exotic grassland/ 
Suaeda 
loam -0.021 32 - 25 
3 exotic grassland/ 
Suaeda 
loam 0.0073 31 - 23 
5 exotic grassland/ 
Suaeda 
silty clay loam 0.063 33 5.3 17 
6 exotic grassland silty clay loam 0.013 39 5.6 16 
7 iceplant/sea cliff scrub sandy loam 0.052 55 5.2 41 
8 sea cliff scrub loam 0.49 47 - 33 
9 Coreopsis scrub loam 0.40 31 - 16 
11 Coreopsis scrub sandy loam 0.16 24 - 48 
12 Coreopsis scrub sandy loam 0.23 30 - 31 
13 sea cliff scrub sandy loam 0.21 40 10.0 37 
15 Coreopsis/Lycium 
scrub 
silty clay loam 0.057 44 11.8 09 
16 Lycium scrub silty clay loam 0.057 44 13.6 10 
17 Coreopsis scrub/ 
exotic grassland 
silty clay loam 0.042 31 8.7 30 
18 exotic grassland silty clay  0.11 54 7.7 17 
19 exotic grassland clay  0.019 44 11.4 18 
22 Lycium/sea cliff scrub loam -0.44 43 - 36 
 
1Values range from 1.0 to -1.0.  A large, positive index represents steep, north-facing slopes with 
small heat loads; a large, negative index represents steep, south-facing slopes with large heat loads. 
 
2Coefficient of variation of percent total cover from years listed in Table 3.1 for Santa Barbara Island.  
A small value represents high stability. 
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3Mean species richness from years listed in Table 3.1 for Santa Barbara Island.  Missing values are 
for non-standard-length transects not included in richness analyses. 
 
41990 percent total cover, relativized to mean total cover of previous monitoring years, 1984-88.  A 
high value indicates a small response to the 1990 drought.  
 
 
    Generalized least squares estimation found that none of the transects on either island had 
significant directional change in percent total cover.  This combined with the significant 
correlations between precipitation and total cover for most transects supports interpreting 
interannual variability in total cover as an indicator of aggregate vegetation response to 
annual precipitation.  
    Variability (CV) in total vegetative cover has no significant relationship with soil clay 
content (Pearson’s r = 0.42, p = 0.119 for San Miguel, Pearson’s r = 0.24, p = 0.352 for Santa 
Barbara) or with sand content (Pearson’s r = -0.51,  p = 0.054 for San Miguel, Spearman’s ρ 
= -0.29, p = 0.255 for Santa Barbara), although the negative relationship with sand content on 
San Miguel is nearly significant.  The northness (heat load) index has no significant 
relationship with CV of total cover on either island (p = 0.980 for San Miguel, p = 0.817 for 
Santa Barbara). 
 
Species richness and community stability 
 
    If richness and stability are positively related, the correlation between mean species 
richness and interannual variability in total vegetative cover on island transects should be 
negative (less variability in cover as richness increases).  The correlation was insignificant 
 171
for both islands (Pearson’s r = -0.32, p = 0.337, n = 15 for San Miguel, Pearson’s r = -0.007, 
p = 0.986, n = 9 for Santa Barbara Island).   
    No significant relationship was found between species richness and resistance to the 1990 
drought on either island (Pearson’s r = 0.13, p = 0.627, n = 16 for San Miguel; Pearson’s r = -
0.46, p = 0.183, n = 10 for Santa Barbara).  However, cover response to the drought was 
significantly correlated with soil texture (Table 3.8, Figures 3.2 and 3.3).  Greater resistance 
to the 1990 drought is associated with greater sand content and lesser clay content.  The 
correlations for Santa Barbara remain significant (Spearman’s ρ = 0.72, p = 0.023 for sand, 
Pearson’s r = -0.82, p = 0.003 for clay) using the same subset of transects (n = 10) used in the 
richness vs. drought resistance analysis. 
 
 
Table 3.8.  Correlation of drought resistance (relativized 1990 total cover) with soil texture 
on San Miguel (n = 16) and Santa Barbara (n = 17) transects.  A positive correlation indicates 
that total cover shows greater resistance to the 1990 drought as the soil particle-size fraction 
increases.  Significant results are in bold.  
 
 
 San Miguel  Santa Barbara  
 r p r p 
% Sand1 0.60 0.013 0.652 0.005 
% Clay1 -0.62 0.010 -0.65 0.005 
 
1Data are arcsin-square root transformed. 
 
2Results are from Spearman’s rank correlation because normality of percent sand data was not 
achieved with transformation.  
 
 
    No significant relationship was found between interannual variability in total cover and 
long-term compositional stability of sites.  If stability as measured by CV of total cover has a 
direct correspondence with long-term compositional stability, CV and Sorenson percent 
dissimilarity should be positively correlated (small interannual variability corresponds with 
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Figure 3.2.  Pearson’s correlation of soil texture (percent clay) and resistance to the 1990  
drought on San Miguel Island transects (n = 16).  Resistance to drought is measured by 1990 
total foliar cover relativized to mean total cover in preceding monitoring years (1984-88); 
high 1990 relativized cover represents high resistance to drought.  
 
 
 
 
r = -0.62 
p = 0.010 
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Figure 3.3.  Spearman’s rank correlation of soil texture (percent sand) and resistance to the 
1990 drought on Santa Barbara Island transects (n = 17).  Resistance to drought is measured 
by 1990 total foliar cover relativized to mean total cover in preceding monitoring years 
(1984-88); high 1990 relativized cover represents high resistance to drought.   
 
 
 
 
 
ρ = 0.65 
p = 0.005 
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small compositional change over time).  The Pearson’s correlation was insignificant on both 
islands (r = 0.28, p = 0.315, n = 15 for San Miguel, r = 0.19, p = 0.499, n = 16 for Santa 
Barbara Island).   
    The perception that exotic grasslands are generally more persistent than native 
communities on the islands is somewhat supported by Sorenson dissimilarity indices, which 
are relatively low or moderate for most exotic grasslands, while most native shrub 
communities show greater compositional change (Tables 3.9 and 3.10).  However, there are 
exceptions, and the pattern among community types is not consistent. 
 
 
Table 3.9.  San Miguel Island transects ordered by Sorenson percent dissimilarity in 1984 
and 2002 species composition, based on species abundance. 
 
 
 
Transect 
 
Community 
Sorenson % dissimilarity, 
1984 vs. 2002 
4 exotic/native grassland 46.0 
9 sea cliff scrub 46.9 
3 exotic grassland/native woody mix 47.0 
5 coastal sage scrub 55.6 
12 island chaparral 56.5 
2 caliche scrub 60.9 
8 Coreopsis scrub 62.4 
10 exotic grassland 62.5 
14 coastal dune scrub 63.8 
16 Coreopsis scrub 66.9 
7 island chaparral 68.3 
6 island chaparral 73.6 
15 Coreopsis scrub/grassland 80.9 
1 caliche scrub 84.8 
13 Coreopsis scrub 86.5 
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Table 3.10.  Santa Barbara Island transects ordered by Sorenson percent dissimilarity in 
1984 and 2002 species composition, based on species abundance. 
 
 
 
Transect 
 
Community 
Sorenson % dissimilarity, 
1984 vs. 2002 
3 exotic grassland/Suaeda scrub 31.6 
7 iceplant/sea cliff scrub 50.6 
11 Coreopsis scrub 54.0 
8 sea cliff scrub 55.0 
19 exotic grassland 58.3 
4 exotic grassland/Suaeda scrub 63.7 
9 Coreopsis scrub 63.8 
18 exotic grassland 63.9 
6 exotic grassland 67.0 
12 Coreopsis scrub 68.1 
15 Coreopsis/Lycium scrub 72.3 
16 Lycium scrub 74.3 
17 Coreopsis scrub/exotic grassland 80.6 
13 sea cliff scrub 81.3 
5 exotic grassland/Suaeda scrub 84.0 
22 Lycium/sea cliff scrub 88.8 
 
 
DISCUSSION 
 
    The lack of significant correlation between community richness and measures of stability  
is partially due to several high-richness sites with relatively low stability, particularly Lycium 
scrub on Santa Barbara, but appears largely due to a number of low-richness sites (exotic 
grasslands and coastal sage scrub) with moderate to high stability (Tables 3.6 and 3.7).  The 
coastal sage scrub site (transect 5 on San Miguel) is dominated by perennial, non-drought-
deciduous woody species, so its low variability in total cover is not surprising.  However, the 
low to moderate variability of some exotic grasslands on both islands is surprising given that 
common grassland species comprise the majority of species with cover trends exhibiting 
significant precipitation effects, particularly on Santa Barbara (Tables 3.2 and 3.3).  Exotic 
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grassland sites on Santa Barbara also represent most of the sites with no significant 
correlation between annual precipitation and percent total cover (Table 3.5).  
    On San Miguel, a number of important grassland species, including most brome grasses 
and common forbs such as Achillea millefolium and Amsinckia menziesii, have no significant 
precipitation effect.  On Santa Barbara, however, cover values for nearly all important 
grassland species have a significant precipitation effect, suggesting the grasslands should 
show a strong response to interannual precipitation fluctuations.  The relatively low 
interannual variability in total cover of some Santa Barbara grasslands may be due to the 
moderating influence of perennial woody species cover: mixed grassland/Suaeda and 
grassland/Coreopsis communities have less variability in total cover than grasslands with no 
substantial native shrub cover.  This would also explain the low variability of San Miguel 
transect 3, an exotic grassland with a large woody species component.   
    Another possible explanation is offered by the observation that Avena species and Bromus 
hordeaceus, which are co-dominant on Santa Barbara non-Suaeda grassland sites, have 
different responses to precipitation.  Avena cover responds to precipitation within the same 
water-year while B. hordeaceus exhibits a lagged response; the staggered responses may 
causing some smoothing of total vegetative cover.  This may be why total cover significantly 
correlates with annual precipitation on Santa Barbara exotic grasslands with a single 
dominant grass species, Hordeum murinum (transects 1-5), but not on those sites co-
dominated by Avena and B. hordeaceous (transects 6 and 17-19; Table 3.5).  
   No relationship was found between stability as measured by interannual variability in total 
cover and long-term (19 years) compositional persistence.  This is supported by the lack of 
significant relationship between individual species’ temporal cover trends and their response 
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to precipitation.  When discussing the stability of these communities, the measure of stability 
must be defined, as a given community may have high interannual biomass variability but 
low compositional change over time, or vice versa.   
    The common perception of the persistence of exotic annual grasslands found some 
support: exotic grasslands on both islands generally had low to moderate Sorenson percent 
dissimilarity between 1984 and 2002, although there were several exceptions.  Examination 
of raw cover data and successional vectors in ordinations (Chapter 1) indicate that  
compositional change on most exotic grasslands with moderate to high dissimilarity indices 
is primarily due to a shift among dominant exotic grass species rather than colonization by 
natives.  For example, Bromus species have largely replaced Hordeum murinum and Avena 
species on San Miguel transect 10, and on many Santa Barbara transects Avena is gaining 
dominance over brome grasses.  Thus, even where succession is occurring on exotic 
grasslands, they are generally remaining dominated by exotic grasses.     
    Community stability is more strongly correlated with site soil texture than with species 
richness.  Coarse-textured soils are associated with greater resistance to the 1990 drought and 
with less variability in total cover, although correlation with the latter only approaches 
significance on San Miguel (p = 0.054) and is insignificant on Santa Barbara.  On San 
Miguel, sites where total vegetative cover significantly correlates with unaveraged 
precipitation, indicating a more immediate response, are all on warm, south-facing slopes or 
fine-textured soils, or both.  The observation that south-facing slopes tend to have an 
immediate response to precipitation is tempered by the lack of significant correlation 
between site northness (heat load index) and variability in total cover on both islands.  The 7 
sites where the correlation between total cover and precipitation is significant only with 3-
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year mean precipitation, indicating a lagged response, are all on sandy soils.  On Santa 
Barbara, which is warmer and drier than San Miguel and has finer-grained soils overall, 
correlations between total vegetative cover and annual precipitation are more likely to be 
significant when precipitation totals are unaveraged.  Thus, sites prone to higher levels of 
moisture stress, from evaporation from fine-grained soils, heat load, or both, exhibit a more 
immediate response to interannual precipitation fluctuations and greater interannual 
variability in vegetative cover. 
    However, Santa Barbara’s flora also has a higher component of annual species than San 
Miguel’s, which could account for the greater proportion of sites with an unlagged 
precipitation response.  It is also possible that the correlations with site stability are due to 
soil characteristics that covary with texture, such as major cations (Chapter 1 ordinations).  
Experimentation would be required to disentangle cause and effect in the relationships 
between site stability, environmental characteristics, and the proportion of annual and 
perennial species in a community.  
 
 
CONCLUSIONS 
 
    No significant correlation, either positive or negative, was found for community richness 
and stability on either island.  Community stability, as measured by interannual variability in 
total community biomass and by drought resistance, has a stronger association with soil 
texture than with community richness.  Coarse-grained soils appear to be more highly 
buffered from the effects of interannual precipitation fluctuations than fine-grained soils, 
although experimentation would be required to determine whether some other covarying 
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environmental factor, or covarying species composition such as the proportion of annual and 
perennial species cover, is responsible for the association. 
    Stability as measured by variability in total community biomass and by drought resistance 
is not related to long-term compositional stability at these sites.  This demonstrates the need 
to explicitly define measures of stability in community analysis and to recognize that not all 
measures of stability may coincide for a given community.   
    Most exotic grasslands show low to moderate successional change over the monitoring 
period, and much of the change is due to shifting dominance among exotic annual grass 
species rather than colonization by native species.  Results suggest passive restoration will 
tend to occur slowly if at all in these communities.   
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CHAPTER 4:  CONCLUSIONS AND LESSONS FOR RESTORATION 
 
 
    Spontaneous or passive recovery of native vegetation on arid and semiarid lands released 
from grazing disturbance is often highly variable and seemingly unpredictable.  This 
research’s goal was to identify patterns in post-grazing recovery of native vegetation on San 
Miguel and Santa Barbara Islands by determining if there are differences in response to 
grazing cessation among taxa and among physical environments, and what factors might 
explain those differences.  
    Post-grazing temporal cover trends did differ significantly among species, and species 
generally exhibited consistent trends among sample locations and on the two islands.  While 
invasiveness theory did not explain differences in post-grazing cover trends among native 
woody species, the data contain hints that native woody species lacking invasive traits are not 
increasing in abundance.  A study that includes a larger range of plant communities and 
species might provide a better test of the hypothesis that invasiveness theory can explain 
native species recolonization after cessation of an anthropogenic disturbance.    
    Although invasiveness theory was not predictive, trait analysis based on system-specific 
considerations provided clues to factors affecting post-grazing succession.  The greater 
increase in abundance of drought-deciduous native woody species relative to evergreens 
(Chapter 2) suggests the importance of competition for soil moisture.  The significant decline 
in halophytic exotic species cover suggests soil salinity may be decreasing, as was found in 
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other studies of lands retired from grazing (Chaneton and Lavado 1996, Belsky and 
Blumenthal 1997).   
    Site environmental characteristics explained post-grazing succession on the Channel 
Islands better than did ecological theories invoking biodiversity as a predictor or correlate.  
Soil texture and other environmental factors affecting soil moisture relations appear to be 
important controls on post-grazing recovery of native vegetation.  Ordinations (Chapter 1) 
found strong associations between exotic grasslands and fine-grained soils, and native 
communities and coarse-grained substrates.  Site heat load was also correlated with species 
composition in many ordinations, with exotic-dominated communities and coastal sage scrub 
generally associated with warmer sites.  Soil texture predicted exotic richness and cover; 
community richness did not (Chapter 2).  Drought-deciduous native woody species 
experienced significantly greater cover increases than evergreen species (Chapter 2), 
suggesting the importance of soil moisture relations and drought-coping strategies in native 
vegetation recovery.  Community stability, primarily resistance to the 1990 drought, was 
related to soil texture but not to community richness (Chapter 3).  The importance of site 
environment is also indicated by ordinations (Chapter 1), in which sample sites generally 
sorted along environmental gradients or by geographic regions of the islands rather than by 
community type, even though the latter was the basis for sample site selection.  
    Community stability as measured by interannual variability in total vegetative cover and 
by response to the 1990 drought does not correlate with community richness, nor do those 
stability measures predict a site’s long-term compositional stability and prospects for passive 
restoration (Chapter 3).  Communities such as exotic grasslands can remain compositionally 
stable despite large responses to precipitation fluctuations.  The relatively low percent 
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dissimilarity between 1984 and 2002 for most exotic grasslands supports the perception of 
these communities’ persistence. 
    Based on these results, I hypothesize that competition for soil moisture is a major control 
on spontaneous recovery of native vegetation on the islands.  The consistent association of 
native cover with coarse-grained soils and more mesic sites, and exotic cover with fine-
grained soils and warmer sites, suggests that sites with greater moisture stress are less 
conducive to passive recovery of native vegetation.  This is also supported by field 
observations and photo evidence generally showing greater recovery of native plants on 
north-facing slopes than adjacent south-facing slopes.  The hypothesis could also explain the 
greater apparent recovery rate of native vegetation on foggy, cool San Miguel Island 
compared to warmer and drier Santa Barbara Island. 
    Widespread exotic species on the islands (and mainland California) are predominantly 
annuals while native communities are largely perennial-dominated.  Although this 
observational study cannot determine causality, other studies (Hobbs 1983, DaSilva and 
Bartolome 1984, Eliason and Allen 1997, Vila and Sardans 1999) have attributed exotic 
annuals’ deleterious effects on native plant colonization to depletion of soil moisture.  In a 
climate with long summer droughts, fine-grained soils are effectively more xeric than coarse 
soils due to greater evaporative loss (Wells 1962) and are more prone to soil water depletion 
by annuals because moisture is retained longer in shallow soil horizons, as discussed in 
Chapter 1.  Because the exotic annuals don’t have to survive the summer drought, they can 
probably tolerate higher degrees of site xericity and soil moisture depletion than the native 
perennials.  Archibold (1995) notes that the proportion of annuals in arid-climate floras 
increases with increasing site aridity.  Conversely, the generally deeper-rooted native woody 
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species may be at an advantage on coarse-grained substrates because they can tap deeper soil 
water (Hellmers et al. 1955, Walter 1984, Holmes and Rice 1996) that has percolated rapidly 
beyond the annuals’ shallow root zone.  
    The significantly greater cover increase of drought-deciduous native woody species 
compared to evergreens (Chapter 2) also suggests the importance of competition for soil 
moisture.  Because they evade summer drought through dormancy, drought-deciduous 
species may be better able to cope with early-summer soil moisture depletion by exotic 
annuals, as well as inherent site xericity that may have been increased over much of the 
islands by grazing-induced loss of topsoil and vegetative cover.  
 
Lessons for restoration 
 
    Identifying important environmental gradients via ordination and other methods can 
provide clues to factors controlling native vegetation recovery and can inform restoration 
priorities and strategies.  On San Miguel and Santa Barbara Islands, the association of 
persistent exotic cover with fine-grained soils indicates that such substrates are poor 
candidates for passive restoration, and suggests, along with other lines of evidence discussed 
above, that competition for soil moisture is a major control on native vegetation recovery. 
    Restoration experiments can test hypothesized factors inhibiting native plant 
recolonization and suggest methods to overcome them.  Eliason and Allen (1997) determined 
that soil moisture depletion by exotic annual grasses reduced Artemisia californica seedling 
survival and growth rates in experimental plots, but that the negative effects of soil moisture 
depletion on surviving shrub seedlings diminished over time as the seedlings grew.  
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Transplanting container-grown A. californica seedlings into exotic annual grass plots 
apparently bypassed the growth stage at which the shrub seedlings are most vulnerable in 
competition for soil water, resulting in much greater survivorship and growth than direct 
seeding of A. californica into grass plots.  Fruitful restoration experiments for Channel 
Islands and similar systems could be aimed at determining which native species at which 
growth stages are most competitive in exotic grasslands on fine-grained substrates, whether 
such transplants ameliorate site conditions and facilitate other native species (such as by 
capturing fog drip and providing shade), and whether native shrub survival and growth can 
be enhanced by interventions such as seasonal fog drip collection or irrigation after exotic 
grasses have senesced.   
    Identification of important environmental gradients can also guide prioritization of exotic 
species eradication efforts.  Exotic species that thrive in the same habitats conducive to 
native species recolonization may be of particular concern.  On San Miguel Island, the exotic 
iceplant Carpobrotus chilensis has increased significantly in cover since 1984, primarily on 
the same sandy habitats where native cover is greatest.  Correlation between native richness 
and cover and sandy soils is decreasing over time on San Miguel, apparently due to this one 
exotic species (Chapter 2).  If left unchecked it may slow or reverse passive restoration on 
these sites and diminish these reservoirs of native propagules.  
    Where long-term monitoring data exist, species trend analysis of passive restoration can 
indicate which native species need active intervention, and which species are most 
competitive and potentially useful to mitigate site conditions and facilitate other natives.  
Trait analysis of “successful” and “unsuccessful” species can suggest important controls on 
site recovery.  That invasiveness theory, with its emphasis on reproductive strategies, failed 
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to predict post-grazing native shrub recovery on the Channel Islands while drought-
deciduousness did suggests that competition for soil moisture is a more important control on 
native shrub recovery than reproduction, although as noted above, the failure of invasiveness 
theory may be due to a limited range of traits in the sample.  The decline of halophytic 
exotics such as Mesembryanthemum and Atriplex semibaccata suggests that soil salinity may 
be decreasing in the post-grazing environment, and also that eradication efforts might be 
better targeted at other exotic species.  
    This study yielded several observations about long-term vegetation monitoring 
methodology for restoration sites.  A comparison of the degree of species composition 
dissimilarity between 1983/84 and 2002 on the two types of sample sites on San Miguel 
found no evidence that subjectively-selected monitoring sites underrepresent the degree of 
post-grazing vegetation change relative to sites selected with less rigorous criteria (Chapter 
1), although a better test would be provided by collecting time-series data from randomly 
selected sample sites.   
    The two study islands have a relatively small number of permanent monitoring sites.  A 
larger number of sites would increase the power to detect vegetation change and to test 
hypotheses regarding post-grazing succession, but as with most land management agencies, 
budget constraints limit the size of the monitoring program at Channel Islands National Park.  
When planning a monitoring program at restoration sites, consideration should be given to 
monitoring a larger number of sites on a less frequent basis, unless a specific objective 
requires high sampling frequency.  Temporal gaps in the Channel Islands vegetation data 
rarely posed serious analytical limitations, but few analytical methods are robust to small 
sample size.  Temporal gaps were primarily a problem where sampling was inconsistent (i.e., 
 188
the subset of transects sampled varied from year to year, as occurred in recent years on Santa 
Barbara Island).  This inconsistency necessitated elimination of some transects from certain 
analyses, further reducing sample size.  Consistency is important, although the reality of 
uncertain and changing budgets of land management agencies can make it difficult to 
achieve.  
   Qualitative data such as historical references, maps, and photos can be valuable adjuncts to 
quantitative vegetation monitoring data.  For example, trend analysis of monitoring data on 
San Miguel (Chapter 1) did not strongly support the prediction that nitrogen-fixing native 
species would increase significantly due to their ability to colonize bare sand and other low-
nutrient substrates.  However, historical aerial photos show that many large areas currently 
dominated by these species were bare ground decades ago, indicating that nitrogen-fixers are 
important colonizers on the island.  The photos show that their greatest expansion occurred 
between the 1950s and 1979– prior to initiation of monitoring in 1984.  Historical references 
can also lend graphic support to quantitative analytical results; comparison of current 
vegetation with old ground photos and Dunkle’s 1950 vegetation map of Santa Barbara 
Island illustrates the decline of halophytic exotic species.  Webb (1996) notes that qualitative 
methods such as repeat photography are sometimes devalued and that “observational science 
is [considered] passé these days”, but that his repeat photography in the Grand Canyon 
documented vegetation and geomorphic changes that could not have been detected by any 
other method.  Locating historical documents and photos and developing a land use and 
vegetation history of a study site can provide valuable insights to quantitative analysis of 
recovery or restoration following a major change in disturbance regime, such as cessation of 
livestock grazing on the Channel Islands.  
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Appendix 1: 
Site Location Data and Description for San Miguel Island Relevés 
 
This appendix comprises site location and descriptive data for the San Miguel Island relevés sampled in 1983 by J. Lenihan and W. 
Lennox and in 2002 by P. Corry.  “Is It Subplot?” indicates whether the data is for a full-size plot (N) or a 5x20 m subplot within the 
full-size plot (Y).  “Provisional Community Name” is the plant community as described in the field by the sampler(s).  In the “USGS 
Topo Quad” column, “SMIEast” refers to the San Miguel Island East 7.5' topographic quadrangle (1943); “SMIWest” refers to the 
San Miguel Island West 7.5' topographic quadrangle (1943).  The GPS datum, projection, and zone are 27 NAD Conus, Zone 10, for 
all plots.  Location accuracy for 2002 plots is the estimated accuracy in meters of the GPS unit; location accuracy for 1983 plots is the 
estimated accuracy in meters of the field relocation of 1983 plots in 2002, based on site photographs and site physical descriptions. 
 
 
Plot 
Code 
Date 
Sampled 
Is It 
Subplot?
Y/N 
Provisional Community 
Name 
USGS Topo 
Quad 
UTM E UTM N Location 
Accuracy, 
m 
X Plot 
Dimension, 
m 
Y Plot 
Dimension, 
m 
Plot 
Size, m2
601 6/2/83 N Avena grassland SMIEast 746090 3768652 75 120 120 14400
602 6/2/83 N grassland SMIEast 745852 3769332 3 80 80 6400
610 6/4/83 N shrubby grassland SMIEast 745849 3769142 3 60 60 3600
611 6/4/83 N unstabilized inland dune SMIEast 746570 3768992 3 20 60 1200
614 6/4/83 N Bromus grassland SMIEast 747741 3769459 7 50 50 2500
617 6/5/83 N Artemisia-Opuntia patch SMIEast 747770 3767459 5 20 80 1600
619 6/5/83 N Avena grassland SMIEast 747493 3768050 50 40 60 2400
623 6/5/83 N Bromus-[Isocoma] 
grassland 
SMIEast 745823 3767866 3 50 50 2500
625 6/7/83 N Eriophyllum-Vulpia 
scrub/grassland 
SMIEast 744867 3768921 3 60 60 3600
627 6/7/83 N sandy/caliche grassland SMIEast 744011 3768506 3 30 60 1800
703 7/7/83 N sandy grassland SMIWest 737822 3769656 5 30 60 1800
707 7/8/83 N [Isocoma] scrub SMIWest 737594 3767980 3 20 40 800
708 7/8/83 N [Isocoma]-Erigeron scrub SMIWest 737982 3768439 3 40 40 1600
712 7/9/83 N [Isocoma]-Erigeron scrub SMIWest 738249 3769260 5 20 80 1600
713 7/9/83 N Baccharis [scrub] SMIWest 739603 3769330 60 20 80 1600
714 7/9/83 N Baccharis-grassland SMIWest 739872 3769889 8 40 80 3200
721 7/11/83 N sandy grassland SMIWest 739481 3769810 30 30 60 1800
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Plot 
Code 
Date 
Sampled 
Is It 
Subplot?
Y/N 
Provisional Community 
Name 
USGS Topo 
Quad 
UTM E UTM N Location 
Accuracy, 
m 
X Plot 
Dimension, 
m 
Y Plot 
Dimension, 
m 
Plot 
Size, m2
722 7/11/83 N Bromus grassland SMIWest 739888 3769772 5 40 40 1600
723 7/11/83 N Avena-[Nasella] grassland SMIWest 741456 3769110 20 30 40 1200
724 7/11/83 N [Nasella] grassland SMIWest 740444 3768896 3 40 40 1600
727 7/13/83 N Bromus-Juncus grassland SMIWest 741057 3769703 3 20 40 800
728 7/13/83 N Coreopsis-Dudleya-
Astragalus 
SMIWest 740716 3770225 5 20 20 400
731 7/14/83 N Lupinus-Calystegia SMIEast 743556 3770656 5 30 30 900
732 7/14/83 N Artemisia-Opuntia SMIEast 743743 3772181 3 20 30 600
733 7/14/83 N north coast bluff type SMIEast 743232 3773125 3 20 20 400
735 7/14/83 N [Isocoma]-Polypogon  SMIEast 743353 3770455 3 40 40 1600
742 7/17/83 N [Isocoma]-Erigeron  SMIEast 747531 3768717 3 30 40 1200
750 7/18/83 N sandy grassland SMIEast 743735 3770265 5 40 60 2400
601 6/7/02 Y Avena-Bromus grassland SMIEast 746090 3768652 15 5 20 100
601 6/7/02 N Avena-Bromus grassland SMIEast 746090 3768652 15 120 120 14400
602 6/19/02 Y Isocoma-Lupinus caliche 
scrub 
SMIEast 745852 3769332 15 5 20 100
602 6/19/02 N Isocoma-Lupinus caliche 
scrub 
SMIEast 745852 3769332 15 80 80 6400
610 6/18/02 Y Isocoma scrub SMIEast 745849 3769142 15 5 20 100
610 6/18/02 N Isocoma scrub SMIEast 745849 3769142 15 60 60 3600
611 6/19/02 Y inland dune SMIEast 746570 3768992 15 5 20 100
611 6/19/02 N inland dune SMIEast 746570 3768992 15 20 60 1200
614 7/14/02 Y  Coreopsis coastal bluff  SMIEast 747741 3769459 15 5 20 100
614 7/14/02 N  Coreopsis coastal bluff  SMIEast 747741 3769459 15 50 50 2500
617 6/5/02 Y coastal sage scrub SMIEast 747770 3767459 15 5 20 100
617 6/5/02 N coastal sage scrub SMIEast 747770 3767459 15 20 80 1600
619 6/5/02 Y Avena grassland SMIEast 747493 3768050 15 5 20 100
619 6/5/02 N Avena grassland SMIEast 747493 3768050 15 40 60 2400
623 7/11/02 Y Bromus grassland SMIEast 745823 3767866 15 5 20 100
623 7/11/02 N Bromus grassland SMIEast 745823 3767866 15 50 50 2500
625 6/18/02 Y Isocoma-Eriophyllum scrub SMIEast 744867 3768921 15 5 20 100
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625 6/18/02 N Isocoma-Eriophyllum scrub SMIEast 744867 3768921 15 60 60 3600
627 7/13/02 Y Isocoma caliche scrub SMIEast 744011 3768506 15 5 20 100
627 7/13/02 N Isocoma caliche scrub SMIEast 744011 3768506 15 30 60 1800
703 7/10/02 Y Bromus grassland SMIWest 737822 3769656 15 5 20 100
703 7/10/02 N Bromus grassland SMIWest 737822 3769656 15 30 60 1800
707 6/8/02 Y Isocoma scrub SMIWest 737594 3767980 15 5 20 100
707 6/8/02 N Isocoma scrub SMIWest 737594 3767980 15 20 40 800
708 6/8/02 Y Isocoma caliche scrub SMIWest 737982 3768439 15 5 20 100
708 6/8/02 N Isocoma caliche scrub SMIWest 737982 3768439 15 40 40 1600
712 7/10/02 Y Isocoma caliche scrub SMIWest 738249 3769260 15 5 20 100
712 7/10/02 N Isocoma caliche scrub SMIWest 738249 3769260 15 20 80 1600
713 6/22/02 Y Baccharis scrub SMIWest 739603 3769330 15 5 20 100
713 6/22/02 N Baccharis scrub SMIWest 739603 3769330 15 20 80 1600
714 7/15/02 Y Baccharis scrub SMIWest 739872 3769889 15 5 20 100
714 7/15/02 N Baccharis scrub SMIWest 739872 3769889 15 40 80 3200
721 7/15/02 Y Bromus grassland SMIWest 739481 3769810 15 5 20 100
721 7/15/02 N Bromus grassland SMIWest 739481 3769810 15 30 60 1800
722 6/22/02 Y Bromus grassland SMIWest 739888 3769772 15 5 20 100
722 6/22/02 N Bromus grassland SMIWest 739888 3769772 15 40 40 1600
723 6/21/02 Y Bromus grassland SMIWest 741456 3769110 15 5 20 100
723 6/21/02 N Bromus grassland SMIWest 741456 3769110 15 30 40 1200
724 6/21/02 Y Nasella-Distichlis 
grassland 
SMIWest 740444 3768896 15 5 20 100
724 6/21/02 N Nasella-Distichlis 
grassland 
SMIWest 740444 3768896 15 40 40 1600
727 7/12/02 Y Carex-Juncus-Bromus 
grassland 
SMIWest 741057 3769703 15 5 20 100
727 7/12/02 N Carex-Juncus-Bromus 
grassland 
SMIWest 741057 3769703 15 20 40 800
728 7/12/02 Y  Coreopsis coastal bluff  SMIWest 740716 3770225 15 5 20 100
728 7/12/02 N  Coreopsis coastal bluff  SMIWest 740716 3770225 15 20 20 400
731 7/9/02 Y lupine scrub SMIEast 743556 3770656 15 5 20 100
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731 7/9/02 N lupine scrub SMIEast 743556 3770656 15 30 30 900
732 6/10/02 Y coastal sage scrub SMIEast 743743 3772181 15 5 20 100
732 6/10/02 N coastal sage scrub SMIEast 743743 3772181 15 20 30 600
733 6/10/02 Y  Coreopsis coastal bluff  SMIEast 743232 3773125 15 5 20 100
733 6/10/02 N  Coreopsis coastal bluff  SMIEast 743232 3773125 15 20 20 400
735 6/4/02 Y Isocoma scrub SMIEast 743353 3770455 15 5 20 100
735 6/4/02 N Isocoma scrub SMIEast 743353 3770455 15 40 40 1600
742 7/14/02 Y Isocoma caliche scrub SMIEast 747531 3768717 15 5 20 100
742 7/14/02 N Isocoma caliche scrub SMIEast 747531 3768717 15 30 40 1200
750 6/23/02 Y Bromus grassland SMIEast 743735 3770265 15 5 20 100
750 6/23/02 N Bromus grassland SMIEast 743735 3770265 15 40 60 2400
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Appendix 2: 
Species Cover Data for San Miguel Island Relevés 
 
This appendix comprises species cover data collected in 1983 and 2002 on San Miguel Island relevés as described in Chapter 1.  
Taxonomic nomenclature follows the USDA Plants database (USDA Natural Resource Conservation Service 2001) as noted in 
Chapter 1.  Data for full-size relevés are indicated by “N” in the “Is It Subplot?” column; data for 5x20 m subplots within full-size 
relevés are indicated by “Y”.  “CHIS Species Code” is the 4-letter species code assigned by Channel Islands National Park, which 
may differ from the USDA species code of the USDA Plants database.  Differences in species names between 1983 and 2002 data 
reflect taxonomic nomenclatural changes, with one exception: on plot 623, “Erysimum insulare” in 1983 was interpreted as a probable 
misidentification of the very similar E. ammophilum.  NCVS (North Carolina Vegetation Survey) cover classes are as follows: 1 = 
trace, 2 = <1%, 3 = 1-2%, 4 = 2-5%, 5 = 5-10%, 6 = 10-25%, 7 = 25-50%, 8 = 50-75%, 9 = 75-95%, 10 = 95-100%.  Braun-Blanquet 
cover classes are as follows: 1 = 1-5%, 2 = 5-25%, 3 = 25-50%, 4 = 50-75%, 5 = 75-100%.  Density ratings for species are as follows: 
1 = one individual plant, 2 = uncommon, 3 = common, 4 = many, 5 = dominant.   
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Code 
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Subplot? 
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USDA 
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Code 
CHIS 
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Braun-
Blanquet 
Cover 
Class 
Density 
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601 2002 Y AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 3 1 2 
601 2002 Y ATSE ATSE  Atriplex semibaccata R. Br.  4 1 3 
601 2002 Y AVENA AVXX  Avena L.  7 3 4 
601 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  4 1 3 
601 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  7 3 4 
601 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 1 
601 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
601 2002 Y ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
 1 1 2 
601 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
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601 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 6 2 3 
601 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
601 2002 Y MEPO3 MEPO  Medicago polymorpha L.  3 1 3 
601 2002 Y NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 5 2 3 
601 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
601 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 4 1 3 
601 2002 N AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 3 1 2 
601 2002 N ATSE ATSE  Atriplex semibaccata R. Br.  4 1 3 
601 2002 N AVENA AVXX  Avena L.  7 3 4 
601 2002 N BAPI BAPI 1 Baccharis pilularis DC.  4 1 3 
601 2002 N BRHO2 BRHO  Bromus hordeaceus L.  7 3 4 
601 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 1 
601 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
601 2002 N ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
 1 1 2 
601 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
601 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 6 2 3 
601 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
601 2002 N MEPO3 MEPO  Medicago polymorpha L.  3 1 3 
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601 2002 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 5 2 3 
601 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
601 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 4 1 3 
601 2002 N ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
601 2002 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 1 1 1 
601 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 2 1 2 
601 2002 N ERCOC12 ERCO 1 Eriophyllum confertiflorum 
(DC.) Gray var. 
confertiflorum 
 1 1 2 
601 2002 N LAAU LAAU  Lamarckia aurea (L.) 
Moench 
 1 1 2 
601 2002 N SIGA SIGA  Silene gallica L.  1 1 2 
602 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
602 2002 Y AGGR AGGR 1 Agoseris grandiflora (Nutt.) 
Greene 
 2 1 3 
602 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 2 1 2 
602 2002 Y ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
602 2002 Y AVENA AVXX  Avena L.  2 1 2 
602 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  1 1 1 
602 2002 Y BRDI3 BRDI  Bromus diandrus Roth  6 2 3 
602 2002 Y BRRU2 BRMD  Bromus rubens L.  2 1 2 
602 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
602 2002 Y CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
 2 1 3 
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602 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
602 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
602 2002 Y DUGR DUGR 1 Dudleya greenei Rose  5 2 4 
602 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
602 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
602 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 7 3 3 
602 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 6 2 3 
602 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
602 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  2 1 2 
602 2002 Y SIGA SIGA  Silene gallica L.  1 1 2 
602 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 6 2 3 
602 2002 N ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
602 2002 N AGGR AGGR 1 Agoseris grandiflora (Nutt.) 
Greene 
 2 1 3 
602 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 2 1 2 
602 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
602 2002 N AVENA AVXX  Avena L.  2 1 2 
602 2002 N BAPI BAPI 1 Baccharis pilularis DC.  1 1 1 
602 2002 N BRDI3 BRDI  Bromus diandrus Roth  6 2 3 
602 2002 N BRRU2 BRMD  Bromus rubens L.  2 1 2 
602 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
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602 2002 N CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
 2 1 3 
602 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
602 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
602 2002 N DUGR DUGR 1 Dudleya greenei Rose  5 2 4 
602 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
602 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
602 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 7 3 3 
602 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 6 2 3 
602 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
602 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  2 1 2 
602 2002 N SIGA SIGA  Silene gallica L.  1 1 2 
602 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 6 2 3 
602 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 2 
602 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
602 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 6 2 4 
602 2002 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 1 1 2 
602 2002 N MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
610 2002 Y ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
610 2002 Y AVENA AVXX  Avena L.  2 1 2 
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610 2002 Y BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
610 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  6 2 3 
610 2002 Y BRRU2 BRMD  Bromus rubens L.  5 2 3 
610 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
610 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
610 2002 Y ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 2 1 2 
610 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
610 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 4 1 2 
610 2002 Y LUAR LUAR 1 Lupinus arboreus Sims  4 1 3 
610 2002 Y MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 2 1 2 
610 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
610 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
610 2002 N AVENA AVXX  Avena L.  2 1 2 
610 2002 N BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
610 2002 N BRHO2 BRHO  Bromus hordeaceus L.  6 2 3 
610 2002 N BRRU2 BRMD  Bromus rubens L.  5 2 3 
610 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
610 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
610 2002 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 2 1 2 
610 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
610 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 6 2 3 
610 2002 N LUAR LUAR 1 Lupinus arboreus Sims  4 1 3 
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610 2002 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 2 1 2 
610 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
610 2002 N ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
610 2002 N BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
610 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 3 
610 2002 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 1 1 2 
610 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 1 1 2 
610 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
610 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 3 1 2 
610 2002 N DUGR DUGR 1 Dudleya greenei Rose  1 1 2 
610 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 2 1 2 
610 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 2 1 2 
610 2002 N MAMA8 MAMA 1 Marah macrocarpus (Greene) 
Greene 
 1 1 2 
610 2002 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 1 1 2 
610 2002 N MAVU MAVU  Marrubium vulgare L.  2 1 2 
610 2002 N PHMI3 PHMI  Phalaris minor Retz.  1 1 2 
611 2002 Y AMCH4 AMCH 1 Ambrosia chamissonis (Less.) 
Greene 
 5 2 3 
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611 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 4 1 2 
611 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  1 1 2 
611 2002 Y BRDI3 BRDI  Bromus diandrus Roth  3 1 2 
611 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 2 
611 2002 Y CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
 1 1 2 
611 2002 Y CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 6 2 3 
611 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
611 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
611 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
611 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 2 1 2 
611 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
611 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 3 1 2 
611 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 3 1 2 
611 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  2 1 2 
611 2002 N AMCH4 AMCH 1 Ambrosia chamissonis (Less.) 
Greene 
 5 2 3 
611 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 4 1 2 
611 2002 N BAPI BAPI 1 Baccharis pilularis DC.  4 1 2 
611 2002 N BRDI3 BRDI  Bromus diandrus Roth  3 1 2 
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611 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 2 
611 2002 N CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
 1 1 2 
611 2002 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 6 2 3 
611 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
611 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
611 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
611 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 2 1 2 
611 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
611 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 5 2 3 
611 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 3 1 2 
611 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  2 1 2 
611 2002 N ABUM ABUM 1 Abronia umbellata Lam.  1 1 2 
611 2002 N LECO12 LECO 1 Leymus condensatus (J. Presl) 
A. Löve 
 1 1 2 
614 2002 Y AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 1 1 2 
614 2002 Y AVENA AVXX  Avena L.  1 1 2 
614 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
614 2002 Y BRDI3 BRDI  Bromus diandrus Roth  2 1 2 
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614 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 5 2 3 
614 2002 Y COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 8 4 5 
614 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  4 1 2 
614 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
614 2002 Y LEPA12 LEPA 1 Leymus pacificus (Gould) 
D.R. Dewey  
 9 5 5 
614 2002 N AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 1 1 2 
614 2002 N AVENA AVXX  Avena L.  1 1 2 
614 2002 N BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
614 2002 N BRDI3 BRDI  Bromus diandrus Roth  2 1 2 
614 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 6 2 3 
614 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 10 5 5 
614 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  4 1 2 
614 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
614 2002 N LEPA12 LEPA 1 Leymus pacificus (Gould) 
D.R. Dewey  
 9 5 5 
614 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
617 2002 Y ARCA11 ARCA 1 Artemisia californica Less.  9 5 5 
617 2002 Y ASCU3 ASCU 1 Astragalus curtipes Gray  1 1 2 
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617 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  2 1 2 
617 2002 Y BRRU2 BRMD  Bromus rubens L.  1 1 2 
617 2002 Y CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 3 1 2 
617 2002 Y NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 6 2 3 
617 2002 Y OPLI3 OPLI 1 Opuntia littoralis (Engelm.) 
Cockerell 
 4 1 2 
617 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 4 1 3 
617 2002 N ARCA11 ARCA 1 Artemisia californica Less.  9 5 5 
617 2002 N ASCU3 ASCU 1 Astragalus curtipes Gray  1 1 2 
617 2002 N BRHO2 BRHO  Bromus hordeaceus L.  2 1 2 
617 2002 N BRRU2 BRMD  Bromus rubens L.  1 1 2 
617 2002 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 3 1 2 
617 2002 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 6 2 3 
617 2002 N OPLI3 OPLI 1 Opuntia littoralis (Engelm.) 
Cockerell 
 4 1 2 
617 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 4 1 3 
617 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 2 1 2 
617 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 1 1 1 
619 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  4 1 3 
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619 2002 Y AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 1 1 2 
619 2002 Y ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
619 2002 Y ATSE ATSE  Atriplex semibaccata R. Br.  1 1 2 
619 2002 Y AVENA AVXX  Avena L.  10 5 5 
619 2002 Y BRDI3 BRDI  Bromus diandrus Roth  1 1 2 
619 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 3 
619 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
619 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
619 2002 Y MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
619 2002 Y NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 6 2 3 
619 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
619 2002 N ACMI2 ACMI 1 Achillea millefolium L.  4 1 3 
619 2002 N AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 1 1 2 
619 2002 N ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
619 2002 N ATSE ATSE  Atriplex semibaccata R. Br.  1 1 2 
619 2002 N AVENA AVXX  Avena L.  10 5 5 
619 2002 N BRDI3 BRDI  Bromus diandrus Roth  1 1 2 
619 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 3 
619 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
619 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
619 2002 N MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
 206
Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
619 2002 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 6 2 3 
619 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
619 2002 N BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
619 2002 N FRSA FRSA 1 Frankenia salina (Molina) 
I.M. Johnston 
 2 1 2 
623 2002 Y ATSE ATSE  Atriplex semibaccata R. Br.  3 1 2 
623 2002 Y AVENA AVXX  Avena L.  4 1 2 
623 2002 Y BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
623 2002 Y BRRU2 BRMD  Bromus rubens L.  2 1 2 
623 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 5 2 2 
623 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
623 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 3 
623 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
623 2002 Y MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 1 1 2 
623 2002 N ATSE ATSE  Atriplex semibaccata R. Br.  3 1 2 
623 2002 N AVENA AVXX  Avena L.  4 1 2 
623 2002 N BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
623 2002 N BRRU2 BRMD  Bromus rubens L.  2 1 2 
623 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 5 2 2 
623 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
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623 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 3 
623 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 4 1 2 
623 2002 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 1 1 2 
623 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 3 1 2 
623 2002 N BAPI BAPI 1 Baccharis pilularis DC.  5 2 2 
623 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 2 
623 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
623 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 1 1 1 
623 2002 N MAVU MAVU  Marrubium vulgare L.  1 1 2 
623 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 1 1 2 
625 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
625 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 7 3 4 
625 2002 Y ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
625 2002 Y AVENA AVXX  Avena L.  1 1 2 
625 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  4 1 3 
625 2002 Y BRDI3 BRDI  Bromus diandrus Roth  2 1 2 
625 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  5 2 4 
625 2002 Y CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
 1 1 2 
625 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 2 1 2 
 208
Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
625 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
625 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
625 2002 Y DUGR DUGR 1 Dudleya greenei Rose  5 2 3 
625 2002 Y ERCOC12 ERCO 1 Eriophyllum confertiflorum 
(DC.) Gray var. 
confertiflorum 
 9 5 5 
625 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 1 1 2 
625 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 2 1 2 
625 2002 Y HEAR5 HEAR 1 Heteromeles arbutifolia 
(Lindl.) M. Roemer 
 1 1 2 
625 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
625 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 5 2 3 
625 2002 Y POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
 1 1 2 
625 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  2 1 2 
625 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 4 1 3 
625 2002 N ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
625 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 7 3 4 
625 2002 N ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
625 2002 N AVENA AVXX  Avena L.  1 1 2 
625 2002 N BAPI BAPI 1 Baccharis pilularis DC.  4 1 3 
625 2002 N BRDI3 BRDI  Bromus diandrus Roth  2 1 2 
625 2002 N BRHO2 BRHO  Bromus hordeaceus L.  5 2 4 
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625 2002 N CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
 1 1 2 
625 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 2 1 2 
625 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
625 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
625 2002 N DUGR DUGR 1 Dudleya greenei Rose  5 2 3 
625 2002 N ERCOC12 ERCO 1 Eriophyllum confertiflorum 
(DC.) Gray var. 
confertiflorum 
 9 5 5 
625 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 1 1 2 
625 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 2 1 2 
625 2002 N HEAR5 HEAR 1 Heteromeles arbutifolia 
(Lindl.) M. Roemer 
 1 1 2 
625 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
625 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 5 2 3 
625 2002 N POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
 1 1 2 
625 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  2 1 2 
625 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 4 1 3 
625 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 3 1 2 
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625 2002 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 2 1 2 
625 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 2 
625 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
625 2002 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 1 1 2 
625 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
627 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 6 2 5 
627 2002 Y AVENA AVXX  Avena L.  1 1 2 
627 2002 Y BRDI3 BRDI  Bromus diandrus Roth  5 2 3 
627 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 8 4 5 
627 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 7 3 5 
627 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 3 1 1 
627 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 6 2 5 
627 2002 N AVENA AVXX  Avena L.  1 1 2 
627 2002 N BRDI3 BRDI  Bromus diandrus Roth  5 2 3 
627 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 8 4 5 
627 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 7 3 5 
627 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 5 2 2 
627 2002 N ABUM ABUM 1 Abronia umbellata Lam.  1 1 2 
627 2002 N ARCA11 ARCA 1 Artemisia californica Less.  1 1 1 
627 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
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627 2002 N BAPI BAPI 1 Baccharis pilularis DC.  2 1 2 
627 2002 N BRHO2 BRHO  Bromus hordeaceus L.  1 1 2 
627 2002 N BRRU2 BRMD  Bromus rubens L.  1 1 2 
627 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
627 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
627 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
627 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
703 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 2 1 1 
703 2002 Y ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
703 2002 Y BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
703 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
703 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 5 2 3 
703 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
703 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  7 3 4 
703 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
703 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
703 2002 Y MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
703 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
703 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 2 1 1 
703 2002 N ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
703 2002 N BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
 212
Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
703 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
703 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 5 2 3 
703 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
703 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  7 3 4 
703 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
703 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
703 2002 N MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
703 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
703 2002 N BAPI BAPI 1 Baccharis pilularis DC.  2 1 2 
703 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
703 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
703 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 1 1 2 
703 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
703 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  1 1 2 
707 2002 Y ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
707 2002 Y BRDI3 BRDI  Bromus diandrus Roth  3 1 2 
707 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 2 
707 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 4 1 3 
707 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 2 1 2 
707 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  2 1 2 
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707 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 3 
707 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 5 2 4 
707 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
707 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
707 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 7 3 5 
707 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 7 3 4 
707 2002 Y MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 1 1 2 
707 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
707 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
707 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
707 2002 N BRDI3 BRDI  Bromus diandrus Roth  3 1 2 
707 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 2 
707 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 4 1 3 
707 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 2 1 2 
707 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  2 1 2 
707 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 3 
707 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 5 2 4 
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707 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
707 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
707 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 7 3 5 
707 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 7 3 4 
707 2002 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 1 1 2 
707 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
707 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
707 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
707 2002 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
 2 1 2 
708 2002 Y AMCH4 AMCH 1 Ambrosia chamissonis (Less.) 
Greene 
 1 1 2 
708 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 3 1 2 
708 2002 Y ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
708 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
708 2002 Y ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
 1 1 2 
708 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
708 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 3 1 3 
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708 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 5 
708 2002 Y MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 1 1 2 
708 2002 Y MEPO3 MEPO  Medicago polymorpha L.  3 1 2 
708 2002 Y PAIN PAIN  Parapholis incurva (L.) C.E. 
Hubbard 
 1 1 2 
708 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  6 2 4 
708 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
708 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
708 2002 N AMCH4 AMCH 1 Ambrosia chamissonis (Less.) 
Greene 
 1 1 2 
708 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 3 1 2 
708 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
708 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
708 2002 N ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
 1 1 2 
708 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
708 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 3 1 3 
708 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 5 
708 2002 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 1 1 2 
708 2002 N MEPO3 MEPO  Medicago polymorpha L.  3 1 2 
708 2002 N PAIN PAIN  Parapholis incurva (L.) C.E. 
Hubbard 
 1 1 2 
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708 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  6 2 4 
708 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
708 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
708 2002 N BAPI BAPI 1 Baccharis pilularis DC.  1 1 2 
708 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 1 1 2 
708 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
708 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 4 1 3 
708 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
712 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 2 1 2 
712 2002 Y ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
712 2002 Y BRDI3 BRDI  Bromus diandrus Roth  5 2 3 
712 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 3 1 2 
712 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
712 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  2 1 2 
712 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 8 4 5 
712 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 6 2 3 
712 2002 Y MECR3 MECR  Mesembryanthemum 
crystallinum L. 
 1 1 2 
712 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  5 2 3 
712 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 2 1 2 
712 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
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712 2002 N BRDI3 BRDI  Bromus diandrus Roth  5 2 3 
712 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 3 1 2 
712 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
712 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  2 1 2 
712 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 8 4 5 
712 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 6 2 3 
712 2002 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
 1 1 2 
712 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  5 2 3 
712 2002 N BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
712 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 3 1 2 
712 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
712 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  4 1 2 
712 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 1 1 2 
712 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
712 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
712 2002 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 1 1 2 
712 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
713 2002 Y AVENA AVXX  Avena L.  4 1 2 
713 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  8 4 5 
713 2002 Y BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
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713 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  7 3 4 
713 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 2 
713 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
713 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 4 1 2 
713 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  4 1 3 
713 2002 Y MEPO3 MEPO  Medicago polymorpha L.  2 1 2 
713 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 3 1 2 
713 2002 N AVENA AVXX  Avena L.  4 1 2 
713 2002 N BAPI BAPI 1 Baccharis pilularis DC.  8 4 5 
713 2002 N BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
713 2002 N BRHO2 BRHO  Bromus hordeaceus L.  7 3 4 
713 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 4 1 2 
713 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
713 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 4 1 2 
713 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  4 1 3 
713 2002 N MEPO3 MEPO  Medicago polymorpha L.  2 1 2 
713 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 3 1 2 
713 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 3 1 2 
713 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
713 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
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713 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
713 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
713 2002 N LECO12 LECO 1 Leymus condensatus (J. Presl) 
A. Löve 
 2 1 2 
713 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 4 1 2 
713 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
714 2002 Y ATCA ATCA 1 Atriplex californica Moq.  3 1 2 
714 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  7 3 5 
714 2002 Y BRDI3 BRDI  Bromus diandrus Roth  6 2 3 
714 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  4 1 2 
714 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 7 3 5 
714 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
714 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  6 2 4 
714 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
714 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 4 1 2 
714 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 2 1 2 
714 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 1 
714 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  5 2 3 
714 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
714 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 1 1 2 
714 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 2 
714 2002 N BAPI BAPI 1 Baccharis pilularis DC.  7 3 5 
714 2002 N BRDI3 BRDI  Bromus diandrus Roth  6 2 3 
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714 2002 N BRHO2 BRHO  Bromus hordeaceus L.  4 1 2 
714 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 7 3 5 
714 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
714 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  6 2 4 
714 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
714 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 5 2 3 
714 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 2 1 2 
714 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 3 1 2 
714 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  5 2 3 
714 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
714 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 1 1 2 
714 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
714 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
714 2002 N JUBA JUBA 1 Juncus balticus Willd.  3 1 2 
714 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
721 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 1 1 1 
721 2002 Y ATCA ATCA 1 Atriplex californica Moq.  3 1 2 
721 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  5 2 2 
721 2002 Y BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
721 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
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721 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
721 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  7 3 4 
721 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 1 
721 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  4 1 2 
721 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  3 1 2 
721 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
721 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 1 1 1 
721 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 2 
721 2002 N BAPI BAPI 1 Baccharis pilularis DC.  5 2 2 
721 2002 N BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
721 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
721 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
721 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  7 3 4 
721 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 1 
721 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  4 1 2 
721 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  3 1 2 
721 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
721 2002 N AVENA AVXX  Avena L.  3 1 2 
721 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 3 1 2 
721 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  1 1 2 
721 2002 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 1 1 2 
721 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 3 1 2 
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722 2002 Y ATSE ATSE  Atriplex semibaccata R. Br.  3 1 2 
722 2002 Y BRDI3 BRDI  Bromus diandrus Roth  10 5 5 
722 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 6 2 3 
722 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
722 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  2 1 2 
722 2002 Y MEPO3 MEPO  Medicago polymorpha L.  2 1 2 
722 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
722 2002 N ATSE ATSE  Atriplex semibaccata R. Br.  3 1 2 
722 2002 N BRDI3 BRDI  Bromus diandrus Roth  10 5 5 
722 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 6 2 3 
722 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
722 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  2 1 2 
722 2002 N MEPO3 MEPO  Medicago polymorpha L.  2 1 2 
722 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
722 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 1 1 1 
722 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
722 2002 N BAPI BAPI 1 Baccharis pilularis DC.  2 1 2 
722 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 2 1 2 
722 2002 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
 1 1 2 
723 2002 Y ATCA ATCA 1 Atriplex californica Moq.  7 3 4 
723 2002 Y ATSE ATSE  Atriplex semibaccata R. Br.  3 1 2 
723 2002 Y AVENA AVXX  Avena L.  1 1 2 
723 2002 Y BRDI3 BRDI  Bromus diandrus Roth  7 3 5 
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723 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  5 2 3 
723 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 1 1 2 
723 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
723 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
723 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 4 
723 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
723 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 2 1 2 
723 2002 Y JUME4 JUME 1 Juncus mexicanus Willd. ex 
J.A. & J.H. Schultes 
 2 1 2 
723 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 2 1 2 
723 2002 Y MEPO3 MEPO  Medicago polymorpha L.  4 1 2 
723 2002 Y NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 2 1 2 
723 2002 Y SIGA SIGA  Silene gallica L.  1 1 2 
723 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
723 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 3 1 3 
723 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 3 1 2 
723 2002 N ATCA ATCA 1 Atriplex californica Moq.  7 3 4 
723 2002 N ATSE ATSE  Atriplex semibaccata R. Br.  3 1 2 
723 2002 N AVENA AVXX  Avena L.  1 1 2 
723 2002 N BRDI3 BRDI  Bromus diandrus Roth  7 3 5 
723 2002 N BRHO2 BRHO  Bromus hordeaceus L.  5 2 3 
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723 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 1 1 2 
723 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
723 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
723 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 4 
723 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 1 1 2 
723 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 2 1 2 
723 2002 N JUME4 JUME 1 Juncus mexicanus Willd. ex 
J.A. & J.H. Schultes 
 2 1 2 
723 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 2 1 2 
723 2002 N MEPO3 MEPO  Medicago polymorpha L.  4 1 2 
723 2002 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 2 1 2 
723 2002 N SIGA SIGA  Silene gallica L.  1 1 2 
723 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
723 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 3 1 3 
723 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 3 1 2 
723 2002 N AGGR AGGR 1 Agoseris grandiflora (Nutt.) 
Greene 
 1 1 2 
723 2002 N BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
723 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
724 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
724 2002 Y AGGR AGGR 1 Agoseris grandiflora (Nutt.) 
Greene 
 1 1 2 
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724 2002 Y AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 1 1 2 
724 2002 Y ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
724 2002 Y ATSE ATSE  Atriplex semibaccata R. Br.  1 1 2 
724 2002 Y AVENA AVXX  Avena L.  3 1 2 
724 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  4 1 2 
724 2002 Y BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
724 2002 Y BRHO2 BRHO  Bromus hordeaceus L.  4 1 2 
724 2002 Y DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
724 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  9 5 5 
724 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 2 1 2 
724 2002 Y MEPO3 MEPO  Medicago polymorpha L.  5 2 3 
724 2002 Y NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 9 5 5 
724 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
724 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 2 1 2 
724 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 2 1 2 
724 2002 N ACMI2 ACMI 1 Achillea millefolium L.  3 1 2 
724 2002 N AGGR AGGR 1 Agoseris grandiflora (Nutt.) 
Greene 
 1 1 2 
724 2002 N AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
 1 1 2 
724 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
724 2002 N ATSE ATSE  Atriplex semibaccata R. Br.  1 1 2 
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724 2002 N AVENA AVXX  Avena L.  3 1 2 
724 2002 N BAPI BAPI 1 Baccharis pilularis DC.  4 1 2 
724 2002 N BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
724 2002 N BRHO2 BRHO  Bromus hordeaceus L.  4 1 2 
724 2002 N DAPU3 DAPU 1 Daucus pusillus Michx.  1 1 2 
724 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  9 5 5 
724 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 2 1 2 
724 2002 N MEPO3 MEPO  Medicago polymorpha L.  5 2 3 
724 2002 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
 9 5 5 
724 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
724 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 2 1 2 
724 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 2 1 2 
724 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
724 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 2 1 2 
727 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
727 2002 Y ATCA ATCA 1 Atriplex californica Moq.  4 1 3 
727 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  1 1 2 
727 2002 Y BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
727 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 4 1 2 
727 2002 Y CAPR5 CAPR 1 Carex praegracilis W. Boott  9 5 5 
727 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
727 2002 Y JUBA JUBA 1 Juncus balticus Willd.  7 3 4 
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727 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 3 1 2 
727 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 1 
727 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  3 1 2 
727 2002 N ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
727 2002 N ATCA ATCA 1 Atriplex californica Moq.  4 1 3 
727 2002 N BAPI BAPI 1 Baccharis pilularis DC.  3 1 2 
727 2002 N BRDI3 BRDI  Bromus diandrus Roth  7 3 4 
727 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 4 1 2 
727 2002 N CAPR5 CAPR 1 Carex praegracilis W. Boott  9 5 5 
727 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
727 2002 N JUBA JUBA 1 Juncus balticus Willd.  7 3 4 
727 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 3 1 2 
727 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 1 
727 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  3 1 2 
727 2002 N BRHO2 BRHO  Bromus hordeaceus L.  2 1 2 
727 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
727 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 2 
727 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  1 1 2 
727 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 1 1 2 
728 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 7 3 3 
728 2002 Y ATCA ATCA 1 Atriplex californica Moq.  3 1 2 
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728 2002 Y BRDI3 BRDI  Bromus diandrus Roth  1 1 2 
728 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 7 3 4 
728 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 4 1 2 
728 2002 Y COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 7 3 4 
728 2002 Y DUGR DUGR 1 Dudleya greenei Rose  2 1 2 
728 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  5 2 3 
728 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 3 1 2 
728 2002 Y ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 1 1 2 
728 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
728 2002 Y LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 3 1 2 
728 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 3 1 2 
728 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 2 1 2 
728 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  3 1 2 
728 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 7 3 3 
728 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 2 
728 2002 N BRDI3 BRDI  Bromus diandrus Roth  1 1 2 
728 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 7 3 4 
728 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 4 1 2 
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728 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 7 3 4 
728 2002 N DUGR DUGR 1 Dudleya greenei Rose  4 1 3 
728 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  5 2 3 
728 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 3 1 2 
728 2002 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 1 1 2 
728 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
728 2002 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
 3 1 2 
728 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 3 1 2 
728 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 2 1 2 
728 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  3 1 2 
728 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  5 2 2 
731 2002 Y ABUM ABUM 1 Abronia umbellata Lam.  1 1 2 
731 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
731 2002 Y BRDI3 BRDI  Bromus diandrus Roth  2 1 2 
731 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 8 4 5 
731 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 7 3 4 
731 2002 Y COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 1 
731 2002 Y ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
 3 1 2 
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731 2002 Y GACAM2 GAMI 1 Galium californicum Hook. & 
Arn. ssp. miguelense 
(Greene) Dempster & 
Stebbins 
 6 2 4 
731 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 5 2 2 
731 2002 Y LEPA12 LEPA 1 Leymus pacificus (Gould) 
D.R. Dewey  
 1 1 2 
731 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 8 4 5 
731 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
731 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
731 2002 N ABUM ABUM 1 Abronia umbellata Lam.  1 1 2 
731 2002 N ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
731 2002 N BRDI3 BRDI  Bromus diandrus Roth  2 1 2 
731 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 8 4 5 
731 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 7 3 4 
731 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 1 
731 2002 N ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
 3 1 2 
731 2002 N GACAM2 GAMI 1 Galium californicum Hook. & 
Arn. ssp. miguelense 
(Greene) Dempster & 
Stebbins 
 6 2 4 
731 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 5 2 2 
731 2002 N LEPA12 LEPA 1 Leymus pacificus (Gould) 
D.R. Dewey  
 1 1 2 
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731 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 8 4 5 
731 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 1 1 2 
731 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
731 2002 N HEAR5 HEAR 1 Heteromeles arbutifolia 
(Lindl.) M. Roemer 
 1 1 1 
732 2002 Y ARCA11 ARCA 1 Artemisia californica Less.  9 5 5 
732 2002 Y BRDI3 BRDI  Bromus diandrus Roth  4 1 2 
732 2002 Y BRRU2 BRMD  Bromus rubens L.  6 2 4 
732 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 2 1 2 
732 2002 Y COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 3 1 2 
732 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
732 2002 Y DUGR DUGR 1 Dudleya greenei Rose  1 1 2 
732 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 2 1 2 
732 2002 Y MAMA8 MAMA 1 Marah macrocarpus (Greene) 
Greene 
 1 1 2 
732 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  2 1 2 
732 2002 N ARCA11 ARCA 1 Artemisia californica Less.  9 5 5 
732 2002 N BRDI3 BRDI  Bromus diandrus Roth  4 1 2 
732 2002 N BRRU2 BRMD  Bromus rubens L.  6 2 4 
732 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 2 1 2 
732 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 3 1 2 
732 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
 232
Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
732 2002 N DUGR DUGR 1 Dudleya greenei Rose  2 1 2 
732 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 2 1 2 
732 2002 N MAMA8 MAMA 1 Marah macrocarpus (Greene) 
Greene 
 1 1 2 
732 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  2 1 2 
732 2002 N BAPI BAPI 1 Baccharis pilularis DC.  1 1 1 
732 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
733 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 4 1 2 
733 2002 Y COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 8 4 5 
733 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 4 
733 2002 Y DUGR DUGR 1 Dudleya greenei Rose  5 2 4 
733 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
733 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 6 2 3 
733 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
733 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 4 1 2 
733 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 8 4 5 
733 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 4 
733 2002 N DUGR DUGR 1 Dudleya greenei Rose  5 2 4 
733 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  3 1 2 
733 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 6 2 3 
 233
Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
733 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
733 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 3 1 2 
733 2002 N LECO12 LECO 1 Leymus condensatus (J. Presl) 
A. Löve 
 2 1 2 
735 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  3 1 3 
735 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 3 1 2 
735 2002 Y ATCA ATCA  Atriplex californica Moq.  3 1 3 
735 2002 Y BRDI3 BRDI  Bromus diandrus Roth  4 1 3 
735 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 1 1 2 
735 2002 Y CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
 3 1 4 
735 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 1 
735 2002 Y ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
 1 1 2 
735 2002 Y ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
 1 1 2 
735 2002 Y ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 1 1 2 
735 2002 Y PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 2 1 3 
735 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
735 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
735 2002 Y MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
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735 2002 Y PAIN PAIN  Parapholis incurva (L.) C.E. 
Hubbard 
 2 1 1 
735 2002 Y POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
 4 1 3 
735 2002 Y SIBE SIBE 1 Sisyrinchium bellum S. Wats.  5 2 3 
735 2002 Y VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 4 1 3 
735 2002 N ACMI2 ACMI 1 Achillea millefolium L.  3 1 3 
735 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 3 1 2 
735 2002 N ATCA ATCA 1 Atriplex californica Moq.  3 1 3 
735 2002 N BRDI3 BRDI  Bromus diandrus Roth  4 1 3 
735 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 3 1 2 
735 2002 N CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
 3 1 4 
735 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 1 
735 2002 N ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
 1 1 2 
735 2002 N ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
 1 1 2 
735 2002 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 1 1 2 
735 2002 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
 2 1 3 
735 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
735 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 3 
735 2002 N MEPO3 MEPO  Medicago polymorpha L.  1 1 2 
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735 2002 N PAIN PAIN  Parapholis incurva (L.) C.E. 
Hubbard 
 2 1 1 
735 2002 N POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
 4 1 3 
735 2002 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.  5 2 3 
735 2002 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
 4 1 3 
735 2002 N GACAM2 GAMI 1 Galium californicum Hook. & 
Arn. ssp. miguelense 
(Greene) Dempster & 
Stebbins 
 1 1 1 
735 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 1 1 1 
735 2002 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
 1 1 2 
735 2002 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
 2 1 2 
742 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
742 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 6 2 5 
742 2002 Y ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
742 2002 Y AVENA AVXX  Avena L.  1 1 2 
742 2002 Y BRDI3 BRDI  Bromus diandrus Roth  1 1 2 
742 2002 Y BRRU2 BRMD  Bromus rubens L.  1 1 2 
742 2002 Y CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 2 1 2 
742 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
742 2002 Y COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 2 
742 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
742 2002 Y ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
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742 2002 Y ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 1 1 2 
742 2002 Y HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
742 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 5 
742 2002 Y COFIF LEFI 1 Corethrogyne filaginifolia 
(Hook. & Arn.) Nutt. var. 
filaginifolia  
 1 1 2 
742 2002 Y MECR3 MECR  Mesembryanthemum 
crystallinum L. 
 1 1 2 
742 2002 Y MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
742 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
742 2002 Y SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
742 2002 N ACMI2 ACMI 1 Achillea millefolium L.  2 1 2 
742 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 6 2 5 
742 2002 N ATCA ATCA 1 Atriplex californica Moq.  2 1 2 
742 2002 N AVENA AVXX  Avena L.  1 1 2 
742 2002 N BRDI3 BRDI  Bromus diandrus Roth  1 1 2 
742 2002 N BRRU2 BRMD  Bromus rubens L.  1 1 2 
742 2002 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
 2 1 2 
742 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
742 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 3 1 2 
742 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  3 1 2 
742 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  2 1 2 
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742 2002 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
 1 1 2 
742 2002 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
 1 1 2 
742 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 6 2 5 
742 2002 N COFIF LEFI 1 Corethrogyne filaginifolia 
(Hook. & Arn.) Nutt. var. 
filaginifolia  
 1 1 2 
742 2002 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
 1 1 2 
742 2002 N MEIN2 MEIN  Melilotus indicus (L.) All.  1 1 2 
742 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
742 2002 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
 1 1 2 
742 2002 N BAPI BAPI 1 Baccharis pilularis DC.  1 1 1 
742 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 2 1 2 
742 2002 N CAAFA2 CAAF 1 Castilleja affinis Hook. & 
Arn. spp. affinis 
 1 1 1 
742 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 1 1 2 
742 2002 N DUGR DUGR 1 Dudleya greenei Rose  1 1 2 
742 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 3 1 2 
750 2002 Y ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
750 2002 Y ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 1 1 1 
750 2002 Y BAPI BAPI 1 Baccharis pilularis DC.  2 1 2 
750 2002 Y BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
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750 2002 Y CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
750 2002 Y CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 6 2 3 
750 2002 Y CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
750 2002 Y DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 4 
750 2002 Y ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
 1 1 2 
750 2002 Y ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 2 1 3 
750 2002 Y ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
750 2002 Y LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 5 2 3 
750 2002 Y MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 2 1 2 
750 2002 Y SOOL SOOL  Sonchus oleraceus L.  1 1 2 
750 2002 N ACMI2 ACMI 1 Achillea millefolium L.  1 1 2 
750 2002 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
 1 1 1 
750 2002 N BAPI BAPI 1 Baccharis pilularis DC.  2 1 2 
750 2002 N BRDI3 BRDI  Bromus diandrus Roth  9 5 5 
750 2002 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
 6 2 3 
750 2002 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
 6 2 3 
750 2002 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
 1 1 2 
750 2002 N DISPS DISP 1 Distichlis spicata (L.) Greene  6 2 4 
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750 2002 N ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
 1 1 2 
750 2002 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
 2 1 3 
750 2002 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
 3 1 2 
750 2002 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
 5 2 3 
750 2002 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
 2 1 2 
750 2002 N SOOL SOOL  Sonchus oleraceus L.  1 1 2 
750 2002 N ATCA ATCA 1 Atriplex californica Moq.  1 1 2 
750 2002 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
 1 1 2 
750 2002 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.  1 1 2 
750 2002 N GACAM2 GAMI 1 Galium californicum Hook. & 
Arn. ssp. miguelense 
(Greene) Dempster & 
Stebbins 
 2 1 2 
601 1983 N ACMI2 ACMI 1 Achillea millefolium L.   1 2 
601 1983 N AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
  1 2 
601 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 2 
601 1983 N AVENA AVXX  Avena L. Avena fatua  5 4 
601 1983 N BAPI BAPI 1 Baccharis pilularis DC.   2 2 
601 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 3 
601 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
601 1983 N CEGL2 CEGL  Cerastium glomeratum 
Thuill. 
  1 1 
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601 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 2 
601 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  1 2 
601 1983 N CRCL CRCL 1 Cryptantha clevelandii 
Greene 
  1 1 
601 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
601 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 2 2 
601 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
601 1983 N JUBA JUBA 1 Juncus balticus Willd.   2 3 
601 1983 N MAPA5 MAPA  Malva parviflora L.   1 2 
601 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
601 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
601 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  2 2 
601 1983 N PHMI3 PHMI  Phalaris minor Retz.   1 2 
601 1983 N RUCR RUCR  Rumex crispus L.   2 3 
601 1983 N SOOL SOOL  Sonchus oleraceus L.   1 2 
601 1983 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
  1 1 
602 1983 N ACMI2 ACMI 1 Achillea millefolium L.   1 1 
602 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  2 2 
602 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
602 1983 N BRDI3 BRDI  Bromus diandrus Roth   3 3 
602 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 1 1 
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602 1983 N CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
  1 1 
602 1983 N CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
Orthocarpus 
purpurascens 
 1 2 
602 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
602 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  1 2 
602 1983 N DUGR DUGR 1 Dudleya greenei Rose   1 2 
602 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   1 2 
602 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 1 
602 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
602 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 4 3 
602 1983 N LACA7 LACA 1 Lasthenia californica DC. ex 
Lindl. 
Lasthenia 
chrysostoma 
 1 2 
602 1983 N LAPL LAPL 1 Layia platyglossa (Fisch. & 
C.A. Mey.) Gray 
  1 2 
602 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  1 1 
602 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 1 
602 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
602 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
602 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
602 1983 N PHDI PHDI 1 Phacelia distans Benth.   1 1 
602 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
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610 1983 N ACMI2 ACMI 1 Achillea millefolium L.   1 1 
610 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 1 
610 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
610 1983 N AVENA AVXX  Avena L. Avena fatua  1 2 
610 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 2 
610 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 1 1 
610 1983 N CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
Orthocarpus 
purpurascens 
 1 2 
610 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
610 1983 N ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
  1 1 
610 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   1 2 
610 1983 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
  1 1 
610 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
610 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 3 2 
610 1983 N LAPL LAPL 1 Layia platyglossa (Fisch. & 
C.A. Mey.) Gray 
  2 2 
610 1983 N COFIF LEFI 1 Corethrogyne filaginifolia 
(Hook. & Arn.) Nutt. var. 
filaginifolia  
  1 2 
610 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  3 3 
610 1983 N LUAR LUAR 1 Lupinus arboreus Sims   2 2 
610 1983 N LUBI LUBI 1 Lupinus bicolor Lindl.   1 1 
610 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 1 
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610 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  2 2 
610 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
610 1983 N PHDI PHDI 1 Phacelia distans Benth.   1 1 
610 1983 N PTDR PTDR 1 Pterostegia drymarioides 
Fisch. & C.A. Mey. 
  1 2 
610 1983 N SIGA SIGA  Silene gallica L.   1 2 
610 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
611 1983 N AMCH4 AMCH 1 Ambrosia chamissonis (Less.) 
Greene 
  2 3 
611 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
611 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 1 1 
611 1983 N CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
  1 1 
611 1983 N CAMA CAMR  Cakile maritima Scop.   1 2 
611 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  1 1 
611 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  2 2 
611 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
614 1983 N AMMEI2 AMIN 1 Amsinckia menziesii (Lehm.) 
A. Nels. & J.F. Macbr. var. 
intermedia (Fisch & C.A. 
Mey.) Ganders 
  1 2 
614 1983 N ATCA ATCA 1 Atriplex californica Moq.   2 2 
614 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   2 2 
614 1983 N AVENA AVXX  Avena L. Avena fatua  1 2 
614 1983 N BRDI3 BRDI  Bromus diandrus Roth   4 4 
 244
Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
614 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  2 2 
614 1983 N CHCA3 CHCA 1 Chenopodium californicum 
(S. Wats.) S. Wats. 
  1 2 
614 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  3 2 
614 1983 N DICA14 DICA 1 Dichelostemma capitatum 
(Benth.) Wood 
Dichelostemma 
pulchella 
 1 2 
614 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
614 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  1 2 
614 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 1 1 
614 1983 N LAPL LAPL 1 Layia platyglossa (Fisch. & 
C.A. Mey.) Gray 
  1 2 
614 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 1 
614 1983 N MAMA8 MAMA 1 Marah macrocarpus (Greene) 
Greene 
  1 1 
614 1983 N MAPA5 MAPA  Malva parviflora L.   1 1 
614 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
614 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  2 3 
614 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
617 1983 N LOSAS [none] 1 Lotus salsuginosus Greene 
var. salsuginosus 
  1 2 
617 1983 N ARCA11 ARCA 1 Artemisia californica Less.   4 4 
617 1983 N BRRU2 BRMD  Bromus rubens L.   1 2 
617 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
617 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 2 
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617 1983 N MAMA8 MAMA 1 Marah macrocarpus (Greene) 
Greene 
  2 2 
617 1983 N MAVU MAVU  Marrubium vulgare L.   2 2 
617 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
617 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  2 2 
617 1983 N OPLI3 OPLI 1 Opuntia littoralis (Engelm.) 
Cockerell 
Opuntia oricola  3 3 
619 1983 N ACMI2 ACMI 1 Achillea millefolium L.   1 2 
619 1983 N ATCA ATCA 1 Atriplex californica Moq.   2 2 
619 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 2 
619 1983 N AVENA AVXX  Avena L. Avena fatua  5 4 
619 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
619 1983 N ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
  1 1 
619 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
619 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 1 2 
619 1983 N LACA7 LACA 1 Lasthenia californica DC. ex 
Lindl. 
Lasthenia 
chrysostoma 
 1 2 
619 1983 N LAPL LAPL 1 Layia platyglossa (Fisch. & 
C.A. Mey.) Gray 
  1 2 
619 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 1 
619 1983 N MAPA5 MAPA  Malva parviflora L.   1 2 
619 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
619 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
619 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  2 3 
619 1983 N SOOL SOOL  Sonchus oleraceus L.   1 2 
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619 1983 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
  1 2 
623 1983 N ASCU3 ASCU 1 Astragalus curtipes Gray   1 1 
623 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 2 
623 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   2 2 
623 1983 N AVENA AVXX  Avena L. Avena fatua  2 2 
623 1983 N BAPI BAPI 1 Baccharis pilularis DC.   1 1 
623 1983 N BRDI3 BRDI  Bromus diandrus Roth   4 4 
623 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
623 1983 N CEME2 CEME  Centaurea melitensis L.   2 2 
623 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
623 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   2 2 
623 1983 N ERAM4 ERAM 1 Erysimum ammophilum 
Heller 
Erysimum 
insulare 
 1 1 
623 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
623 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  2 2 
623 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
623 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 1 
623 1983 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
Malacothrix 
implicata 
 1 2 
623 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  2 2 
623 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
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625 1983 N ACMI2 ACMI 1 Achillea millefolium L.   1 2 
625 1983 N AGGR AGGR 1 Agoseris grandiflora (Nutt.) 
Greene 
  2 2 
625 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  2 2 
625 1983 N AVENA AVXX  Avena L. Avena fatua  1 2 
625 1983 N BAPI BAPI 1 Baccharis pilularis DC.   2 2 
625 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
625 1983 N BRHO2 BRHO  Bromus hordeaceus L. Bromus mollis  1 2 
625 1983 N CAEXE CAEX 1 Castilleja exserta (Heller) 
Chuang & Heckard ssp. 
exserta 
Orthocarpus 
purpurascens 
 1 2 
625 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 1 2 
625 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
625 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  1 1 
625 1983 N DUGR DUGR 1 Dudleya greenei Rose   2 2 
625 1983 N ERCOC12 ERCO 1 Eriophyllum confertiflorum 
(DC.) Gray var. 
confertiflorum 
  2 3 
625 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  1 1 
625 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 1 
625 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
625 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
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625 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 2 
625 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
625 1983 N MEPO3 MEPO  Medicago polymorpha L.   2 2 
625 1983 N POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
  2 2 
625 1983 N SOOL SOOL  Sonchus oleraceus L.   2 2 
625 1983 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
Vulpia 
megalura 
 3 4 
627 1983 N ABUM ABUM 1 Abronia umbellata Lam.   1 2 
627 1983 N ARCA11 ARCA 1 Artemisia californica Less.   1 1 
627 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  2 2 
627 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 2 
627 1983 N BAPI BAPI 1 Baccharis pilularis DC.   1 1 
627 1983 N BRDI3 BRDI  Bromus diandrus Roth   3 4 
627 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 2 
627 1983 N CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
  1 1 
627 1983 N CAMA CAMR  Cakile maritima Scop.   1 1 
627 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
627 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 1 
627 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   2 3 
627 1983 N ERCI6 ERCI  Erodium cicutarium (L.) 
L'Hér. ex Ait. 
  1 1 
627 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
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627 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  1 2 
627 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
627 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  2 2 
627 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
627 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
703 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 2 
703 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
703 1983 N BRDI3 BRDI  Bromus diandrus Roth   3 4 
703 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 2 
703 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
703 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 1 
703 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   2 3 
703 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   2 2 
703 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  2 2 
703 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  2 2 
703 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
703 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 1 
703 1983 N SIGA SIGA  Silene gallica L.   1 2 
703 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
707 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 1 
707 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 2 
707 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 2 
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707 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  2 2 
707 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
707 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  1 2 
707 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
707 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 3 4 
707 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  3 3 
707 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
707 1983 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
Malacothrix 
implicata 
 1 1 
707 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
707 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 2 
707 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
708 1983 N AMSP3 [none] 1 Amsinckia spectabilis Fisch. 
& C.A. Mey. 
  1 1 
708 1983 N AMCH4 AMCH 1 Ambrosia chamissonis (Less.) 
Greene 
  1 1 
708 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 1 
708 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
708 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 2 
708 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
708 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 2 
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708 1983 N CAMA CAMR  Cakile maritima Scop.   1 1 
708 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 2 
708 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   2 2 
708 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  1 2 
708 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
708 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
708 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  1 2 
708 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
708 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 1 
708 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
708 1983 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
  1 2 
708 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
712 1983 N AMSP3 [none] 1 Amsinckia spectabilis Fisch. 
& C.A. Mey. 
  1 2 
712 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
712 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 2 
712 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 1 
712 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
712 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
712 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 2 
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712 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   2 3 
712 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
712 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 2 2 
712 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  2 2 
712 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 1 
712 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 1 
712 1983 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
  1 1 
712 1983 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
  1 1 
712 1983 N SOOL SOOL  Sonchus oleraceus L.   1 2 
712 1983 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
  1 1 
713 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 1 
713 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
713 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 1 
713 1983 N AVENA AVXX  Avena L. Avena fatua  1 2 
713 1983 N BAPI BAPI 1 Baccharis pilularis DC.   4 3 
713 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 3 
713 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 1 1 
713 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
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713 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
713 1983 N COCA5 COCA 1 Conyza canadensis (L.) 
Cronq. 
  1 1 
713 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 2 
713 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
713 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   1 2 
713 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 1 
713 1983 N LAPL LAPL 1 Layia platyglossa (Fisch. & 
C.A. Mey.) Gray 
  1 1 
713 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  1 1 
713 1983 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
  1 1 
713 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 1 
713 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
713 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
713 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
713 1983 N POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
  2 2 
713 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 1 
713 1983 N SOOL SOOL  Sonchus oleraceus L.   1 2 
713 1983 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
Festuca 
megalura 
 2 2 
714 1983 N ASCU3 ASCU 1 Astragalus curtipes Gray   1 1 
714 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
714 1983 N BAPI BAPI 1 Baccharis pilularis DC.   2 2 
714 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 2 
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714 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 3 
714 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
714 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
714 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
714 1983 N LACA7 LACA 1 Lasthenia californica DC. ex 
Lindl. 
Lasthenia 
chrysostoma 
 1 2 
714 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  2 3 
714 1983 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
  1 1 
714 1983 N LUAR LUAR 1 Lupinus arboreus Sims   1 1 
714 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
714 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 2 
714 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
714 1983 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
  1 2 
714 1983 N VUMY VUMY  Vulpia myuros (L.) K.C. 
Gmel. 
Festuca 
megalura 
 3 3 
721 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  2 1 
721 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
721 1983 N BAPI BAPI 1 Baccharis pilularis DC.   1 1 
721 1983 N BRDI3 BRDI  Bromus diandrus Roth   3 4 
721 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 2 
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721 1983 N CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
  1 1 
721 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
721 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
721 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  1 2 
721 1983 N JUBA JUBA 1 Juncus balticus Willd.   1 2 
721 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  1 2 
721 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  3 2 
721 1983 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
  1 2 
721 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
721 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 2 
721 1983 N SOOL SOOL  Sonchus oleraceus L.   2 1 
722 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   2 2 
722 1983 N BRDI3 BRDI  Bromus diandrus Roth   4 4 
722 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  1 2 
722 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
722 1983 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
  1 1 
722 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   2 2 
722 1983 N SODO SODO 1 Solanum douglasii Dunal   1 2 
722 1983 N SOOL SOOL  Sonchus oleraceus L.   2 3 
723 1983 N ACMI2 ACMI 1 Achillea millefolium L. Achillea 
borealis 
 1 1 
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723 1983 N ATCA ATCA 1 Atriplex californica Moq.   2 2 
723 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   2 2 
723 1983 N AVENA AVXX  Avena L. Avena fatua  2 2 
723 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 2 
723 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  2 2 
723 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   2 2 
723 1983 N LETR5 LETR 1 Leymus triticoides (Buckl.) 
Pilger 
Elymus 
triticoides 
 2 2 
723 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
723 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  3 3 
723 1983 N SODO SODO 1 Solanum douglasii Dunal   1 2 
723 1983 N SOOL SOOL  Sonchus oleraceus L.   2 2 
724 1983 N ATCA ATCA 1 Atriplex californica Moq.   2 2 
724 1983 N AVENA AVXX  Avena L. Avena fatua  2 2 
724 1983 N BAPI BAPI 1 Baccharis pilularis DC.   1 2 
724 1983 N BRHO2 BRHO  Bromus hordeaceus L. Bromus mollis  1 2 
724 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
724 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   2 3 
724 1983 N LACA7 LACA 1 Lasthenia californica DC. ex 
Lindl. 
Lasthenia 
chrysostoma 
 1 2 
724 1983 N MEPO3 MEPO  Medicago polymorpha L.   1 2 
724 1983 N NAPU4 NAPU 1 Nassella pulchra (A.S. 
Hitchc.) Barkworth 
Stipa pulchra  4 4 
724 1983 N SOOL SOOL  Sonchus oleraceus L.   1 2 
724 1983 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
  1 2 
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727 1983 N ACMI2 ACMI 1 Achillea millefolium L. Achillea 
borealis 
 1 2 
727 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 2 
727 1983 N BAPI BAPI 1 Baccharis pilularis DC.   1 1 
727 1983 N BRDI3 BRDI  Bromus diandrus Roth   3 4 
727 1983 N CEGL2 CEGL  Cerastium glomeratum 
Thuill. 
  1 2 
727 1983 N CHCA3 CHCA 1 Chenopodium californicum 
(S. Wats.) S. Wats. 
  1 1 
727 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
727 1983 N JUBA JUBA 1 Juncus balticus Willd.   3 4 
727 1983 N LAPL LAPL 1 Layia platyglossa (Fisch. & 
C.A. Mey.) Gray 
  2 2 
727 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  1 1 
727 1983 N LUAR LUAR 1 Lupinus arboreus Sims   1 1 
727 1983 N LUSU3 LUSU 1 Lupinus succulentus Dougl. 
ex K. Koch 
  1 2 
727 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
727 1983 N RACA2 RACA 1 Ranunculus californicus 
Benth. 
  1 2 
727 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 2 
727 1983 N SODO SODO 1 Solanum douglasii Dunal   1 1 
727 1983 N SOOL SOOL  Sonchus oleraceus L.   2 2 
727 1983 N TRMI4 TRMI 1 Trifolium microcephalum 
Pursh 
  1 1 
728 1983 N AMPU3 AMPU 1 Amblyopappus pusillus Hook. 
& Arn 
  1 2 
728 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  2 2 
728 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
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728 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 1 
728 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
728 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 3 
728 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 1 
728 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
728 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  3 3 
728 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   2 2 
728 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
728 1983 N DUGR DUGR 1 Dudleya greenei Rose   2 3 
728 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
728 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
731 1983 N ABUM ABUM 1 Abronia umbellata Lam.   1 1 
731 1983 N BAPI BAPI 1 Baccharis pilularis DC.   1 2 
731 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
731 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 3 
731 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  3 2 
731 1983 N ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
  2 2 
731 1983 N GACAM2 GAMI 1 Galium californicum Hook. & 
Arn. ssp. miguelense 
(Greene) Dempster & 
Stebbins 
  2 2 
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731 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
731 1983 N LECO12 LECO 1 Leymus condensatus (J. Presl) 
A. Löve 
Elymus 
condensatus 
 1 1 
731 1983 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
  4 4 
731 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
731 1983 N MAMA8 MAMA 1 Marah macrocarpus (Greene) 
Greene 
  1 1 
731 1983 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
Malacothrix 
implicata 
 1 2 
731 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
732 1983 N ARCA11 ARCA 1 Artemisia californica Less.   4 4 
732 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 1 
732 1983 N BRRU2 BRMD  Bromus rubens L.   2 2 
732 1983 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
  1 1 
732 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  2 1 
732 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  1 1 
732 1983 N DUGR DUGR 1 Dudleya greenei Rose   1 1 
732 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  2 2 
732 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 1 
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732 1983 N COFIF LEFI 1 Corethrogyne filaginifolia 
(Hook. & Arn.) Nutt. var. 
filaginifolia  
  1 1 
732 1983 N LODED LODE 1 Lotus dendroideus (Greene) 
Greene var. dendroideus 
Lotus scoparius  1 1 
732 1983 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
  1 1 
732 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
732 1983 N OPLI3 OPLI 1 Opuntia littoralis (Engelm.) 
Cockerell 
Opuntia oricola  1 2 
732 1983 N RHIN2 RHIN 1 Rhus integrifolia (Nutt.) 
Benth. & Hook. f. ex Brewer 
& S. Wats. 
  1 2 
733 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  2 2 
733 1983 N COGI COGI 1 Coreopsis gigantea (Kellogg) 
Hall 
  4 4 
733 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
733 1983 N DUGR DUGR 1 Dudleya greenei Rose   2 2 
733 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   1 1 
733 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  2 2 
733 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 3 
733 1983 N LECO12 LECO 1 Leymus condensatus (J. Presl) 
A. Löve 
Elymus 
condensatus 
 1 2 
733 1983 N COFIF LEFI 1 Corethrogyne filaginifolia 
(Hook. & Arn.) Nutt. var. 
filaginifolia  
  1 2 
735 1983 N AMSP3 [none] 1 Amsinckia spectabilis Fisch. 
& C.A. Mey. 
  1 2 
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735 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 2 
735 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
735 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 1 
735 1983 N BRDI3 BRDI  Bromus diandrus Roth   2 2 
735 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 3 4 
735 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
735 1983 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
  1 2 
735 1983 N PSLU6 GNLU  Pseudognaphalium 
luteoalbum (L.) Hilliard & 
Burtt 
  1 2 
735 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
735 1983 N HOMUL HOMU  Hordeum murinum L. ssp. 
leporinum (Link) Arcang. 
  1 2 
735 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
735 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 2 
735 1983 N MECR3 MECR  Mesembryanthemum 
crystallinum L. 
  1 1 
735 1983 N MENO2 MENO  Mesembryanthemum 
nodiflorum L. 
  1 2 
735 1983 N PECL PECL  Pennisetum clandestinum 
Hochst. ex Chiov. 
  1 2 
735 1983 N POMO5 POMO  Polypogon monspeliensis (L.) 
Desf. 
  3 3 
735 1983 N SIBE SIBE 1 Sisyrinchium bellum S. Wats.   1 2 
735 1983 N SOOL SOOL  Sonchus oleraceus L.   1 1 
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735 1983 N SPMAM SPMA 1 Spergularia macrotheca 
(Hornem.) Heynh. var. 
macrotheca 
  1 2 
742 1983 N ORFA [none] 1 Orobanche fasciculata Nutt.   1 2 
742 1983 N ACMI2 ACMI 1 Achillea millefolium L. Achillea 
borealis 
 1 1 
742 1983 N ASMI6 ASMI 1 Astragalus miguelensis 
Greene 
  1 1 
742 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
742 1983 N BRDI3 BRDI  Bromus diandrus Roth   1 2 
742 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 1 1 
742 1983 N CACHC CACH 1 Camissonia cheiranthifolia 
(Hornem. ex Spreng.) 
Raimann ssp. cheiranthifolia 
  1 1 
742 1983 N CALAH CAHO 1 Castilleja lanata Gray ssp. 
hololeuca (Greene) Chuang 
& Heckard 
  2 2 
742 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 1 
742 1983 N DAPU3 DAPU 1 Daucus pusillus Michx.   1 2 
742 1983 N DISPS DISP 1 Distichlis spicata (L.) Greene   1 2 
742 1983 N ERGL3 ERGL 1 Erigeron glaucus Ker-Gawl.   2 2 
742 1983 N ERGRR ERGR 1 Eriogonum grande Greene 
var. rubescens (Greene) 
Munz 
  1 2 
742 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
742 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
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742 1983 N COFIF LEFI 1 Corethrogyne filaginifolia 
(Hook. & Arn.) Nutt. var. 
filaginifolia  
  1 1 
742 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  1 1 
742 1983 N MASAI MASA 1 Malacothrix saxatilis (Nutt.) 
Torr. & Gray var. implicata 
(Eastw.) Hall 
Malacothrix 
implicata 
 1 1 
742 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
750 1983 N ATCA ATCA 1 Atriplex californica Moq.   1 1 
750 1983 N ATSE ATSE  Atriplex semibaccata R. Br.   1 1 
750 1983 N BAPI BAPI 1 Baccharis pilularis DC.   2 2 
750 1983 N BRDI3 BRDI  Bromus diandrus Roth   3 4 
750 1983 N CACH38 CAAE  Carpobrotus chilensis 
(Molina) N.E. Br. 
Carpobrotus 
aequilaterus 
 2 3 
750 1983 N CAMAM3 CAMA 1 Calystegia macrostegia 
(Greene) Brummitt ssp. 
macrostegia 
  1 2 
750 1983 N CIOC CIOC 1 Cirsium occidentale (Nutt.) 
Jepson 
  1 1 
750 1983 N ERINI5 ERIN 1 Erysimum insulare Greene 
ssp. Insulare 
  1 2 
750 1983 N ESCA2 ESCA 1 Eschscholzia californica 
Cham. 
  2 2 
750 1983 N HOBR2 HOBR 1 Hordeum brachyantherum 
Nevski 
Hordeum 
californicum 
 1 2 
750 1983 N ISME5 ISME 1 Isocoma menziesii (Hook. & 
Arn.) Nesom 
Haplopappus 
venetus 
 2 2 
750 1983 N LUAL4 LUAL 1 Lupinus albifrons Benth. ex 
Lindl. 
  1 2 
750 1983 N LUAR LUAR 1 Lupinus arboreus Sims   2 2 
750 1983 N MAIN MAIN 1 Malacothrix incana (Nutt.) 
Torr. & Gray 
  2 2 
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Plot 
Code 
Year Is It 
Subplot? 
Y/N 
USDA 
Species 
Code 
CHIS 
Species 
Code 
Native = 1 Species Scientific Name 1983 Species 
Name If 
Different 
NCVS 
Cover 
Class 
Braun-
Blanquet 
Cover 
Class 
Density 
Rating 
750 1983 N MEIN2 MEIN  Melilotus indicus (L.) All.   1 2 
750 1983 N SOOL SOOL  Sonchus oleraceus L.   1 2 
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Appendix 3: 
Environmental Data for San Miguel Island Relevés 
 
 
This appendix comprises environmental data used in ordinations and other analyses of San 
Miguel Island relevés.  See Tables 1.1 and 1.2 for descriptions of the environmental 
variables.  For “Slope Shape”, 1 = concave, 2 = hummocky, 3 = flat, 4 = convex.  For “Topo 
Position”, 1 = interfluve, 2 = high slope, 3 = high level, 4 = midslope, 5 = low slope, 6 = 
toeslope, 7 = low level, 8 = basin floor.  For “Soil Drain” (soil drainage), 1 = very poorly 
drained, 2 = poorly drained, 3 = somewhat poorly drained, 4 = moderately well drained, 5 = 
well drained, 6 = rapidly drained.  All environmental variables for which the unit is percent 
are expressed as proportions; multiply by 100 to express as percent.   
 
 
Plot 
Code 
Elev, m Slope, ° Heat Load 
Index 
Slope 
Shape 
Topo 
Position 
Soil 
Drain 
2002 
BareGr 
2002 
Crypto 
601 120 0 0.1226 4 4 3 0.02 0
602 125 5 0.1527 2 5 5 0.04 0.015
610 123 4 0.3790 3 4 5 0.01 0
611 107 4 0.3046 2 5 6 0.20 0
614 9 2 0.8774 2 7 4 0.005 0
617 35 19 0.7723 4 4 4 0.04 0.04
619 79 1 0.1853 1 4 5 0 0
623 49 11 0.8280 4 5 4 0 0
625 183 7 0.0062 4 4 4 0.04 0.375
627 210 8 0.3960 1 4 5 0.04 0.001
703 111 0 0.4913 3 7 4 0 0
707 94 15 0.5954 4 2 4 0.20 0.035
708 90 2 0.0714 2 7 3 0.30 0.25
712 88 4 0.9728 2 5 2 0.25 0.015
713 128 0 0.4477 3 7 3 0.02 0
714 140 10 0.2425 2 5 4 0 0
721 126 3 0.9999 3 5 4 0.005 0
722 157 17 0.8280 2 4 5 0 0
723 229 4 0.9988 4 4 4 0.01 0
724 148 3 0.9908 3 1 4 0.01 0
727 194 21 0.4477 4 4 4 0 0
728 99 20 0.9668 4 2 5 0.02 0
731 104 20 0.0007 4 4 6 0.02 0
732 128 14 0.5523 1 4 5 0.04 0
733 30 22 0.1853 4 4 5 0.03 0.001
735 143 8 0.0272 3 4 3 0.30 0.015
742 46 13 0.0432 4 4 2 0.55 0.175
750 131 1 0.0714 4 3 5 0 0
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Plot 
Code 
VegHist Sand Silt Clay TEC pH OM ENR 
601 0 0.353 0.271 0.376 22.33 6.8 0.043 93
602 0.01 0.853 0.091 0.056 33.08 7.4 0.024 69
610 0 0.838 0.126 0.036 16.28 6.6 0.051 101
611 0.0235 0.989 0.005 0.006 102.56 8.4 0.001 4
614 0 0.433 0.441 0.126 19.78 6.8 0.062 106
617 0 0.623 0.251 0.126 27.89 7.6 0.033 83
619 0 0.399 0.465 0.136 32.52 7.5 0.081 115
623 0.011 0.796 0.198 0.006 38.95 7.8 0.057 103
625 0.045 0.636 0.238 0.126 34.22 7.8 0.039 88
627 0.0235 0.882 0.032 0.086 86.52 8.1 0.019 58
703 -0.0345 0.411 0.263 0.326 50.32 7.9 0.057 103
707 -0.034 0.775 0.199 0.026 95.31 8.1 0.024 68
708 0.02 0.632 0.282 0.086 123.30 7.7 0.027 73
712 0.044 0.573 0.301 0.126 91.59 8.1 0.014 49
713 0.0765 0.555 0.302 0.143 19.72 7.2 0.081 116
714 -0.0135 0.570 0.332 0.098 13.28 6.4 0.109 125
721 0 0.633 0.264 0.103 15.79 7.5 0.054 102
722 0 0.782 0.155 0.063 29.10 7.4 0.051 100
723 0 0.395 0.442 0.163 13.71 6.3 0.075 112
724 0 0.486 0.336 0.178 13.66 6.3 0.069 109
727 0 0.560 0.282 0.158 16.98 6.2 0.108 125
728 0.034 0.800 0.117 0.083 22.90 7.6 0.033 83
731 0.0175 0.917 0.030 0.053 107.07 7.8 0.030 80
732 0 0.736 0.181 0.083 29.18 7.2 0.091 120
733 -0.007 0.804 0.098 0.098 76.42 8.0 0.027 74
735 0.058 0.604 0.263 0.133 43.66 7.9 0.056 103
742 0.0235 0.824 0.088 0.088 100.01 8.1 0.016 51
750 0.02 0.831 0.106 0.063 74.46 8.1 0.027 74
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Plot 
Code 
S P Ca Mg K Na Capct Mgpct Kpct 
601 31 75 1716 1033 589 444 0.384 0.386 0.068
602 43 127 5637 334 174 78 0.852 0.084 0.014
610 36 289 2072 387 222 84 0.636 0.198 0.035
611 144 18 18863 430 89 311 0.920 0.035 0.002
614 26 57 2550 411 458 213 0.645 0.173 0.059
617 28 56 2490 1451 438 268 0.446 0.434 0.040
619 37 178 4921 529 718 91 0.757 0.136 0.057
623 46 119 5266 1041 590 236 0.676 0.223 0.039
625 44 93 5848 316 279 91 0.855 0.077 0.021
627 167 56 15184 759 192 214 0.878 0.073 0.006
703 73 228 8150 694 470 188 0.810 0.115 0.024
707 175 45 16786 790 257 229 0.881 0.069 0.007
708 235 29 20060 1115 391 1873 0.814 0.075 0.008
712 295 185 14030 986 309 2165 0.766 0.090 0.009
713 31 230 2556 504 438 181 0.648 0.213 0.057
714 48 328 1093 443 277 357 0.412 0.278 0.054
721 31 198 2180 378 256 107 0.690 0.200 0.042
722 51 1131 3757 834 507 208 0.646 0.239 0.045
723 28 63 956 538 442 271 0.349 0.327 0.083
724 24 61 1048 435 451 347 0.384 0.265 0.085
727 35 102 1495 582 353 190 0.440 0.286 0.053
728 57 649 2735 696 442 326 0.597 0.253 0.050
731 243 72 18748 960 116 271 0.876 0.075 0.003
732 65 376 3810 659 702 372 0.653 0.188 0.062
733 183 85 12906 853 244 359 0.844 0.093 0.008
735 46 66 7511 406 262 121 0.860 0.078 0.015
742 91 33 18525 414 99 88 0.926 0.035 0.003
750 167 108 12923 720 181 212 0.868 0.081 0.006
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Plot 
Code 
Napct Hpct B Fe Mn Cu Zn Al 
601 0.087 0.03 0.81 213 7 0.81 0.96 689
602 0.010 0.00 1.03 37 4 0.52 0.82 55
610 0.022 0.06 0.94 208 10 0.37 0.74 631
611 0.013 0.00 1.00 26 7 0.66 0.51 19
614 0.047 0.03 1.14 88 125 0.83 1.32 335
617 0.042 0.00 1.05 106 162 4.84 1.28 591
619 0.012 0.00 2.08 43 43 1.28 1.41 273
623 0.026 0.00 1.55 42 47 1.40 0.88 322
625 0.012 0.00 2.25 67 7 2.71 0.78 88
627 0.011 0.00 1.99 23 6 0.54 0.63 18
703 0.016 0.00 1.86 57 11 4.46 0.91 146
707 0.010 0.00 2.20 17 13 2.23 1.06 38
708 0.066 0.00 2.73 23 8 1.02 0.64 21
712 0.103 0.00 5.58 48 4 1.08 0.50 66
713 0.040 0.00 1.19 236 35 1.09 1.00 505
714 0.117 0.09 0.85 275 5 0.48 0.46 1268
721 0.030 0.00 1.23 186 11 0.99 0.79 394
722 0.031 0.00 2.16 162 20 1.48 2.60 571
723 0.086 0.11 0.91 166 16 0.47 1.09 430
724 0.110 0.11 0.80 211 29 0.60 1.12 370
727 0.049 0.12 0.90 162 5 0.33 1.16 798
728 0.062 0.00 1.68 172 6 0.55 0.82 815
731 0.011 0.00 2.57 19 7 0.75 1.02 18
732 0.055 0.00 1.85 128 22 0.73 1.80 574
733 0.020 0.00 2.95 26 17 0.76 1.19 26
735 0.012 0.00 2.22 55 8 0.62 0.63 165
742 0.004 0.00 1.15 12 4 0.68 0.59 17
750 0.012 0.00 2.06 34 6 0.73 0.76 38
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Plot Code EC Cl Bulk 
Density 
NO3 NH4 CaCO3 
601 0.33 64.19 0.90 1.5 17.1 0.0273 
602 0.30 26.69 1.04 2.0 6.1 0.5491 
610 0.29 48.83 0.92 3.0 7.7 0.0273 
611 0.12 17.85 1.23 1.6 0.7 0.0764 
614 0.31 49.33 0.89 3.3 10.8 0.0491 
617 0.25 26.69 0.91 4.2 7.3 0.0218 
619 0.25 24.96 0.75 3.6 12.3 0.0218 
623 0.25 20.95 0.81 5.8 3.0 0.0273 
625 0.39 85.69 0.96 2.7 4.7 0.0164 
627 0.27 49.33 1.00 2.4 5.3 0.0491 
703 0.40 67.93 0.77 1.9 8.2 0.0491 
707 0.41 118.01 0.94 3.6 4.1 0.0545 
708 6.54 7956.97 0.86 3.1 7.9 0.0600 
712 5.46 5718.85 0.95 3.3 6.3 0.0382 
713 0.59 135.65 0.80 2.6 10.6 0.0109 
714 0.51 208.18 0.60 6.7 39.8 0.0327 
721 0.27 49.08 0.91 2.0 5.3 0.0327 
722 0.38 88.39 0.94 1.7 4.8 0.0327 
723 0.35 91.64 0.71 2.3 13.7 0.0327 
724 0.45 158.36 0.78 2.2 10.0 0.0382 
727 0.25 62.55 0.64 3.4 20.9 0.0218 
728 0.74 357.90 1.01 2.7 5.3 0.0382 
731 0.41 48.32 0.94 13.5 3.8 0.0982 
732 1.14 557.84 0.81 11.2 7.7 0.0327 
733 0.56 206.04 0.94 5.2 2.7 0.0764 
735 0.47 131.51 0.84 3.2 5.7 0.0436 
742 0.31 73.78 1.07 3.8 4.7 0.9599 
750 0.21 26.56 0.99 1.9 3.4 0.0709 
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Appendix 4: 
Environmental Data for San Miguel Island Transects 
 
 
This appendix comprises environmental data used in ordinations and other analyses of San 
Miguel Island permanent vegetation monitoring transects.  See Tables 1.1 and 1.2 for 
descriptions of the environmental variables.  For “Slope Shape”, 1 = concave, 2 = 
hummocky, 3 = flat, 4 = convex.  For “Topo Position”, 1 = interfluve, 2 = high slope, 3 = 
high level, 4 = midslope, 5 = low slope, 6 = toeslope, 7 = low level, 8 = basin floor.  For 
“Soil Drain” (soil drainage), 1 = very poorly drained, 2 = poorly drained, 3 = somewhat 
poorly drained, 4 = moderately well drained, 5 = well drained, 6 = rapidly drained.  All 
environmental variables for which the unit is percent are expressed as proportions; multiply 
by 100 to express as percent.  Percent bare ground for each monitoring year is available in 
the transect species cover database maintained in Access by the Resource Management 
Division of Channel Islands National Park in Ventura, California.   
 
 
Transect Elev, m Slope, ° Heat Load 
Index 
Slope 
Shape 
Topo 
Position 
Soil Drain VegHist 
1 91 3 0.1007 2 3 3 0
2 72 1 0.9830 2 3 3 0.01
3 114 2 0.5000 2 3 6 0.017
4 168 2 0.8536 3 3 3 0
5 145 28 0.9494 4 2 5 0.048
6 191 10 0.0019 1 5 4 0
7 137 15 0.0170 3 3 4 0.0415
8 137 1 0.1654 2 3 6 0
9 91 30 0.9981 4 4 5 0.0475
10 114 4 0.0076 3 3 2 0
11 73 23 0.6125 4 4 5 0.001
12 84 18 0.0019 2 4 6 0.051
13 69 4 0.0670 2 2 6 0.051
14 85 35 0.0019 4 4 6 0.051
15 12 1 0.1114 3 7 3 0
16 30 13 0.9830 1 5 6 0.0785
18 73 23 0.8536 4 4 5 0
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Transect Sand Silt Clay TEC pH OM ENR S 
1 0.462 0.365 0.173 111.93 7.7 0.0179 56 243
2 0.485 0.282 0.233 117.71 7.9 0.0176 55 136
3 0.907 0.045 0.043 65.47 7.8 0.0180 56 137
4 0.254 0.523 0.223 12.92 7.0 0.0657 108 26
5 0.734 0.148 0.118 12.89 5.7 0.0411 91 30
6 0.541 0.356 0.103 18.09 6.9 0.0852 118 31
7 0.639 0.183 0.178 26.26 8.0 0.0227 65 37
8 0.839 0.108 0.053 19.42 7.4 0.0530 102 38
9 0.612 0.300 0.088 66.44 8.1 0.0280 76 60
10 0.286 0.381 0.333 23.01 6.9 0.0414 91 25
11 0.554 0.291 0.156 56.57 8.0 0.0349 85 42
12 0.959 0.028 0.013 84.25 8.0 0.0200 60 132
13 0.945 0.027 0.028 93.03 7.7 0.0191 58 169
14 0.981 0.001 0.018 110.38 8.6 0.0009 4 165
15 0.563 0.194 0.243 16.64 6.5 0.0433 93 28
16 0.945 0.027 0.028 93.03 7.7 0.0191 58 169
18 0.554 0.291 0.156 56.57 8.0 0.0349 85 42
 
 
Transect P Ca Mg K Na Capct Mgpct Kpct 
1 28 18015 1022 318 1928 0.8047 0.0761 0.0073
2 20 20370 894 277 824 0.8653 0.0633 0.0060
3 258 11304 589 280 222 0.8633 0.0750 0.0110
4 60 1151 477 437 346 0.4454 0.3077 0.0867
5 53 808 430 205 201 0.3134 0.2780 0.0408
6 156 1930 577 481 303 0.5334 0.2658 0.0682
7 37 4162 394 269 135 0.7925 0.1250 0.0263
8 602 2751 487 228 57 0.7083 0.2090 0.0301
9 119 10360 1261 297 270 0.7797 0.1582 0.0115
10 34 2039 1013 323 497 0.4431 0.3669 0.0360
11 103 9805 471 498 97 0.8666 0.0694 0.0226
12 46 15063 529 138 301 0.8939 0.0523 0.0042
13 59 16578 617 127 284 0.8910 0.0553 0.0035
14 11 20130 560 97 397 0.9118 0.0423 0.0023
15 41 1419 520 441 465 0.4264 0.2604 0.0680
16 59 16578 617 127 284 0.8910 0.0553 0.0035
18 103 9805 471 498 97 0.8666 0.0694 0.0226
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Transect Napct Hpct B Fe Mn Cu Zn Al 
1 0.0749 0 2.72 18 12 0.97 0.47 32
2 0.0304 0 1.91 13 12 0.86 0.52 19
3 0.0147 0 1.61 69 7 0.67 0.86 28
4 0.1164 0 0.82 152 133 1.03 2.60 511
5 0.0678 0.24 0.44 113 24 0.48 1.58 499
6 0.0728 0.015 1.14 205 6 0.45 0.74 757
7 0.0224 0 1.57 89 6 0.82 0.55 241
8 0.0128 0 1.27 163 8 0.67 1.40 476
9 0.0177 0 1.48 31 23 1.50 0.68 78
10 0.0939 0.015 0.86 112 47 2.00 0.96 558
11 0.0075 0 1.60 23 18 1.29 0.82 59
12 0.0155 0 1.53 15 10 0.58 0.68 14
13 0.0133 0 1.98 15 10 0.87 1.31 12
14 0.0156 0 1.64 15 7 0.71 0.42 7
15 0.1215 0.075 1.02 135 18 0.73 1.23 470
16 0.0133 0 1.98 15 10 0.87 1.31 12
18 0.0075 0 1.60 23 18 1.29 0.82 59
 
 
Transect EC Cl Bulk 
Density 
NO3 NH4 CaCO3 
1 5.80 6340.65 0.87 3.3 5.0 0.0709 
2 2.47 2189.98 0.85 3.2 12.3 0.0818 
3 0.35 79.72 1.11 2.9 3.3 0.0818 
4 0.34 91.17 0.71 2.8 16.7 0.0600 
5 0.37 124.25 0.89 2.2 9.2 0.0491 
6 0.36 148.85 0.73 3.7 15.6 0.0491 
7 0.45 87.93 0.99 1.7 3.4 0.0654 
8 0.33 30.53 0.91 4.1 9.8 0.0654 
9 0.23 42.48 0.80 5.0 3.1 0.0709 
10 0.36 51.68 0.88 1.7 6.4 0.0600 
11 0.41 48.08 0.87 4.0 3.7 0.0764 
12 0.20 142.83 1.08 4.9 7.1 0.0764 
13 0.48 63.85 1.10 5.0 6.2 0.0764 
14 0.27 127.5 1.20 2.1 1.2 0.0873 
15 0.29 90.23 0.89 2.4 11.3 0.0709 
16 0.48 63.85 1.10 5.0 6.2 0.0764 
18 0.41 48.08 0.87 4.0 3.7 0.0764 
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Appendix 5: 
Environmental Data for Santa Barbara Island Transects 
 
 
This appendix comprises environmental data used in ordinations and other analyses of Santa 
Barbara Island permanent vegetation monitoring transects.  See Tables 1.1 and 1.2 for 
descriptions of the environmental variables.  For “Slope Shape”, 1 = concave, 2 = 
hummocky, 3 = flat, 4 = convex.  For “Topo Position”, 1 = interfluve, 2 = high slope, 3 = 
high level, 4 = midslope, 5 = low slope, 6 = toeslope, 7 = low level, 8 = basin floor.  For 
“Soil Drain” (soil drainage), 1 = very poorly drained, 2 = poorly drained, 3 = somewhat 
poorly drained, 4 = moderately well drained, 5 = well drained, 6 = rapidly drained.  All 
environmental variables for which the unit is percent are expressed as proportions; multiply 
by 100 to express as percent.  Percent bare ground for each monitoring year is available in 
the transect species cover database maintained in Access by the Resource Management 
Division of Channel Islands National Park in Ventura, California. 
 
 
Transect Elev, m Slope, ° Heat Load 
Index 
Slope 
Shape 
Topo 
Position 
Soil Drain 
1 53 1 0.9286 4 6 5 
2 58 5 0.9286 4 3 4 
3 110 4 0.8147 3 6 3 
4 146 19 0.3208 2 4 3 
5 110 6 0.0049 3 6 3 
6 110 2 0.0397 3 3 2 
7 55 3 0.2132 4 3 4 
8 40 30 0.2277 4 4 4 
9 37 25 0.2808 4 4 5 
10 49 24 0.0003 4 4 5 
11 122 10 0.0272 4 4 5 
12 158 15 0.0272 4 4 5 
13 158 28 0.6628 4 4 5 
14 61 16 0.9988 4 4 5 
15 43 7 0.0218 3 4 3 
16 55 7 0.0218 4 4 3 
17 110 4 0.0049 3 4 3 
18 84 10 0.0019 4 4 2 
19 99 3 0.0432 3 3 2 
22 40 32 0.5954 4 4 4 
23 37 28 0.4913 4 4 5 
24 49 42 0.6792 4 4 5 
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Transect Sand Silt Clay TEC pH OM ENR S 
1 0.611 0.269 0.121 44.21 7.3 0.0704 110 77
2 0.368 0.426 0.206 41.29 7.8 0.0575 104 53
3 0.309 0.485 0.206 27.00 7.5 0.0300 80 39
4 0.345 0.379 0.276 33.82 7.4 0.0507 100 33
5 0.180 0.544 0.276 41.50 8.5 0.0326 83 80
6 0.113 0.521 0.366 21.67 7.1 0.0436 94 25
7 0.638 0.296 0.066 61.24 7.8 0.0545 102 244
8 0.430 0.340 0.231 42.43 7.2 0.0619 106 62
9 0.441 0.339 0.221 39.74 6.8 0.0734 112 38
10 0.590 0.219 0.191 30.41 6.4 0.0488 99 40
11 0.706 0.209 0.086 51.09 7.8 0.0752 113 72
12 0.659 0.225 0.116 59.13 8.2 0.0497 100 64
13 0.691 0.206 0.103 46.22 7.5 0.0488 99 53
14 0.698 0.231 0.071 51.11 7.9 0.0467 97 65
15 0.141 0.589 0.271 22.66 7.7 0.0365 86 30
16 0.163 0.522 0.316 24.98 7.4 0.0553 103 43
17 0.163 0.557 0.281 19.81 7.2 0.0390 89 31
18 0.139 0.445 0.416 31.75 7.3 0.0470 97 35
19 0.198 0.336 0.466 42.54 7.3 0.0544 102 34
22 0.330 0.414 0.256 46.84 7.6 0.0403 90 65
23 0.363 0.392 0.246 39.44 7.2 0.0660 108 43
24 0.634 0.230 0.136 43.27 7.3 0.0552 103 69
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Transect P Ca Mg K Na Capct Mgpct Kpct 
1 2288 5452 1094 1550 471 0.6166 0.2062 0.0899
2 1810 3062 1481 2041 1592 0.3708 0.2989 0.1267
3 961 1659 959 1711 1212 0.3072 0.2960 0.1625
4 1136 1992 1066 3057 1331 0.2945 0.2627 0.2318
5 1409 2323 1014 2247 3329 0.2799 0.2036 0.1388
6 224 1111 1112 1147 684 0.2563 0.4276 0.1357
7 1197 2831 1944 3761 4379 0.2311 0.2645 0.1575
8 361 2403 1876 2603 1455 0.2832 0.3684 0.1573
9 269 3850 1450 1227 515 0.4844 0.3041 0.0792
10 418 2584 959 1428 363 0.4249 0.2628 0.1204
11 712 5756 1232 2275 1006 0.5633 0.2010 0.1142
12 922 6134 1227 3405 1751 0.5187 0.1729 0.1477
13 312 5575 1265 1094 734 0.6031 0.2281 0.0607
14 955 7249 976 1524 239 0.7092 0.1591 0.0765
15 641 1593 1013 1494 365 0.3515 0.3725 0.1691
16 423 1854 1089 1279 542 0.3711 0.3633 0.1313
17 228 1158 930 1246 515 0.2923 0.3912 0.1613
18 358 2258 1405 1614 761 0.3556 0.3688 0.1303
19 414 3958 1806 1387 551 0.4652 0.3538 0.0836
22 1045 3266 1741 3091 1447 0.3486 0.3097 0.1692
23 725 4175 1270 1640 487 0.5293 0.2683 0.1066
24 488 4248 1625 1920 411 0.4909 0.3130 0.1138
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Transect Napct Hpct B Fe Mn Cu Zn Al 
1 0.0463 0 2.02 54 91 1.39 18.94 71
2 0.1676 0 2.81 94 214 1.57 17.64 368
3 0.1952 0 1.53 137 213 1.06 12.14 491
4 0.1711 0 1.49 126 161 1.04 13.3 626
5 0.3488 0 2.11 110 265 2.11 9.04 684
6 0.1372 0 1.38 156 188 1.57 6.73 722
7 0.3109 0 3.93 102 218 1.85 9.91 522
8 0.1491 0 1.73 116 169 2.97 5.05 683
9 0.0563 0.03 1.04 155 123 2.67 3.45 730
10 0.0519 0.09 0.76 228 98 1.35 3.70 544
11 0.0856 0 2.54 50 127 1.28 4.95 193
12 0.1288 0 2.94 57 177 1.43 4.81 262
13 0.0690 0 1.54 94 140 2.45 2.83 535
14 0.0203 0 2.50 51 138 2.26 4.54 221
15 0.0700 0 1.46 149 178 1.26 9.28 577
16 0.0943 0 1.62 123 257 2.28 7.56 680
17 0.1130 0 1.25 135 252 1.49 8.17 652
18 0.1042 0 1.53 98 248 2.94 3.35 663
19 0.0563 0 1.35 75 153 4.94 2.36 620
22 0.1343 0 1.94 106 184 3.18 7.83 537
23 0.0537 0 1.42 106 211 2.56 5.44 661
24 0.0413 0 1.67 111 211 2.10 4.16 597
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Transect EC Cl Bulk 
Density 
NO3 NH4 CaCO3 
1 0.31 354.23 0.80 21.3 18.1 0.0818 
2 0.83 596.55 0.86 9.1 15.1 0.0709 
3 1.28 578.36 0.97 15.3 18.3 0.0327 
4 1.07 158.36 0.83 17.1 20.6 0.0436 
5 0.71 847.33 0.92 95.0 34.5 0.0491 
6 2.10 228.44 0.88 5.0 10.3 0.0436 
7 0.62 5487.56 0.84 75.0 11.7 0.0109 
8 1.15 678.70 0.80 7.1 11.0 0.0436 
9 0.45 173.78 0.78 3.3 8.5 0.0382 
10 0.86 166.75 0.86 13.1 31.4 0.0382 
11 0.64 400.93 0.76 50.5 23.6 0.0654 
12 1.20 563.63 0.82 28.1 9.5 0.0436 
13 1.26 146.57 0.87 37.3 14.4 0.0327 
14 0.67 116.19 0.90 18.6 7.6 0.0436 
15 0.53 151.18 0.88 2.7 6.9 0.0090 
16 0.45 119.85 0.85 8.5 13.1 0.0090 
17 0.54 227.27 0.88 8.5 11.1 0.0164 
18 0.58 156.74 0.89 8.9 10.5 0.0164 
19 0.98 73.40 0.76 4.1 6.2 0.0090 
22 5.92 465.66 0.88 28.5 10.2 0.0382 
23 1.32 64.19 0.80 7.4 17.1 0.0382 
24 0.58 159.18 0.85 68.3 69.6 0.0436 
 
 
